(12) INTERNATIONAL APPLICATION PjmiSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) WoiHd InteUectaal Property ^■ 
Organization 
International Bureau 

(43) International Publication Date 
8 January 2004 (08.01.2004) 




PCT 



iniieiiiiaNiiiiiiiiiiiiiiHiin 



(10) Internatioiial Publication Number 

wo 2004/003176 A2 



(51) International Patent Classification^: 



C12N 



(21) International Application Number: 

PCTAJS2003/020964 



BRINES, Michael; I Wepawaug Road, Woodbridge, CT 
06525 (US). CERANH, Anthony; 49 Bramblebush Drive, 
Croton-on-Hudson, NY 10520 (US). CERAMI, Caria; 
121 Farrington Avenue, Sleepy Hollow, NY 10591 (US). 



(22) International Filing Date: 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

60/392,455 
60/393,423 



I July 2003 (01.07.2003) 
English 



English 



1 July 2002 (01.07.2002) US 
3 July 2002 (03.07.2002) US 



(71) AppUcants: THE KENNETH S. WARREN INSTI- 
TUTE, INC. [USAJS]; 712 Kitchawan Road, Ossining, 
NY 10562 (US). H. LUNDBECK A/S [DK/DK]; Ottili- 
avej 9, DK-2500 Valby-Copenhagen (DK). 

(72) Inventors: NIELSEN, Jacob; Dannebrogsgade 17, 
l.th., DK-1660 Copenhagen (DK). PEDERSEN, Jan, 
Torlelf; Hoicks Plads 14, 1, DK-2700 Bronshoj (DK). 
GERWIEN, Jens; Haraldsgade 52, 1 .tv, DK-2100 Copen- 
hagen (DK). BAY, Katrine; Allersgadc 1, 2.th, DK-2100 
Copenhagen (DK). PEDERSEN, Lars, Ostergaard; 
Ved Vigen 14, DK-2400 Copenhagen (DK). LEIST, 
Marcel; Kloeverbladsgade 14, 1, DK-2500 Valby (DK). 
GEIST, Marie, Aavang; Saxtorphsveg 44, DK-2500 
Valby (DK). KALLUNKI, Pekka; Classengade 17, 3.th, 
DK-2100 Copenhagen (DK). CHRISTENSEN, Soren; 
Lystbaadevej 32, DK-4040 JylHnge (DK). SAGER, 
Thomas; Stormosevej 35, DK-2465 Smorum (DK). 



(74) Agents: CORUZZI, Laura, A. et al; Pennie & Edmonds 
LLP, 1 155 Avenue of the Americas, New York, NY 10036 
(US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA. BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, 11, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, FT, RO, RU, SC, SD. SE, 
SG. SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, 
VN, YU, ZA, ZM. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT. BE. BG, CH, CY, CZ, DE, DK, EE, 
ES, n, FR, GB, GR, HU, IE, IT. LU. MC, NL, FT, RO, 
SE, SI, SK, TR), OAPl patent (BF, BJ, CF, CG. CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) mie: RECOMBINANT TISSUE PROTECTP/E CYTOKINES AND ENCODING NUCLEIC ACIDS THEREOF FOR PRO- 
TECTION, RESTORATION. AND ENHANCEMENT OF RESPONSIVE CELLS. TISSUES. AND ORGANS 

(57) Abstract: Methods and compositions are provided for protecting or enhancing a responsive cell, tissue, oigan or body part 
function or viability in vivo, in situ or ex vivo in mammals, including human beings, by systemic or local administration of an eiy- 
thropoietin receptor activity modulator, such as an recombinant tissue protective cytokine. 



wo 2004/003176 \ PCT/US2003/020964 

RECOMBINANT TISSUE PROJE^IVE CYTOKINES AND ENCODING 
NUCLEIC ACIDS THEREOB FOR PROTECTION, RESTORATION, AND 
ENHANCEMENT OF RESPONSIVE CELLS, TISSUES, AND ORGANS 

This application claims priority to U.S. provisional patent Application No. 
5 60/392,455 filed July 1 , 2002, and U.S. provisional patent Application No. 60/393,423 filed 
July 3, 2002, the entire contents of each of which is incorporated herein by reference in its 
entirety. 



1. INTRODUCTION 

The present invention is directed to mutein recombinant tissue protective cytokines 
10 having one or more amino acid substitutions, pharmaceutical compositions comprising such 
cytokines for protecting, maintaining, enhancing, or restoring the function or viability of 
responsive mammalian cells and their associated cells, tissues, and organs. This includes 
the protection of excitable tissue, such as neuronal and cardiac tissue, from neurotoxins, 
hypoxia, and other adverse stimuli, and the enhancement of excitable tissue fimction, such 
15 as for facilitating learning and memory. The present invention is fiarther drawn to 

compositions for transporting or facilitating transport of a molecule via transcytosis across 
an endothelial cell barrier using mutein recombinant tissue protective cytokines. 

2. BACKGROUND OF THE INVENTION 

For many years, the only clear physiological role of erythropoietin had been its 
20 control of the production of red blood cells. Recently, several lines of evidence suggest 
that erythropoietin, a member of the cytokine superfamily, performs other important 
physiologic functions which may be mediated through interaction with the erythropoietin 
receptor (erythropoietin-R). These actions include mitogenesis, modulation of calcium 
influx into smooth muscle cells and neural cells, vasoactive action, i.e., 
25 vasoconstriction/vasodilatation, hyperactivation of platelets and effects on intermediary 
metabolism. It is beUeved that erythropoietin provides compensatory responses that serve 
to improve hypoxic cellular microenvironments as well as modulate programmed cell death 
caused by metaboHc stress. Although studies have established that erythropoietin injected 



1 



wo 2004/003176 PCT/US2003/020964 

^ intracranially protects neurons against h^^xic neuronal injury, intracranial administration 
is an impractical and by and large unacceptable route of administration for therapeutic use, 
particularly for normal individuals. Furthermore, previous studies of anemic patients given 
erythropoietin have concluded that peripherally-administered erythropoietin is not 
5 transported into the brain (Marti et al, 1997, Kidney bit 51:416-8; Juul et a/., 1999, 
Pediatr. Res. 46:543-547; Buemi et al, 2000, Nephrol. Dial Transplant. 15:422-433.). 

Various modified forms of erythropoietin have been described with activities 
directed towards improving the erythropoietic activity of the molecule, such as those having 
altered amino acids at the carboxy terminus described in U.S. Patent 5,457,089 and in U.S. 
10 Patent 4,835,260; erythropoietin isoforms with various numbers of sialic acid residues per 
molecule, such as those described in U.S. Patent 5,856,298; polypeptides described in U.S. 
Patent 4,703,008; agonists described in U.S. Patent 5,767,078; p^tides which bmd to the 
erythropoietin receptor as described in U.S. Patents 5,773,569 and 5,830,851; and small- 
molecule mimetics as described in U.S. Patent 5,835,382. 

15 It is towards the use of a recombinant tissue protective cytokine for protecting, 

maintaining, enhancing, or restoring responsive cells and associated cells, tissues, and, 
organs in situ as well as ex vivo, and to delivery of a recombinant tissue protective cytokine 
across an endothelial cell barrier for the purpose of protecting and enhancing responsive 
cells and associated cells, tissues, and organs distal to the vasculature, or to carry associated 

20 molecules, that the present invention is directed. 



3. BRIEF SUMMARY OF THE INVENTION 

In one aspect, the present invention is directed to the use of various forms of 
recombinant tissue protective cytokines for the preparation of pharmaceutical compositions 
for protecting, maintaining, enhancmg, or restoring the function or viability of responsive 

25 mammalian cells and their associated cells, tissues, and organs. In one particular aspect, the 
responsive mammalian cells and their associated cells, tissues, or organs are distal to the 
vasculature by virtue of a tight endothelial cell barrio:. In another particular aspect, the 
cells, tissues, organs or other bodily parts are isolated from a mammalian body, such as 
&ose intended for traiisplant. By way of non-limdtmg exanaples, a responsive cell or tissue 

30 may be neuronal, retinal, muscle, heart, lung, liver, kidney, small intestine, adrenal cortex, 
adrenal medulla, capillary endothelial, testes, ovary, pancreas, bone, skin, or endometrial 



2 



wo 2004/003176 PCT/US2003/020964 

cells or tissue. Further, non-Umiting examples of responsive cells include photoreceptor 
(rods and cones), ganglion, bq)olar, horizontal, amacrine, Miiller, Purkinje, myocardium, 
pace makor, sinoatrial node, sinus node, junction tissue, atrioventricular node, bundle of 
His, hepatocytes, stellate, KupfiFer, mesangial, renal epithelial, tubular interstitial, goblet, 

5 intestinal gland (crypts), enteral endocrine, glomerulosa, fasciculate, reticularis, chromaflBn, 
pericyte, Leydig, Sertoli, sperm, Graffian follicle, primordial follicle, islets of Langprhans, 
c«-cells, /S-cells, 7-cells, F-cells, osteoprogenitor, osteoclasts, osteoblasts, endometrial 
stroma, endometrial, stem and endothelial cells. These examples of responsive cells are 
merely illustrative. In one aspect, the responsive cell or its associated cells, tissues, or 

10 organs are not excitable cells, tissues, or organs, nor do they predominantly comprise 

excitable cells or tissues. In a particular embodiment, the maxmnalian cell, tissue, or organ 
for which an aforanentioned recombinant tissue protective cytokine is used are those that 
have expended or will expend a period of time under at least one condition adverse to the 
viability of the cell, tissue, or organ. In a particular embodiment, the mammalian cell, 

15 tissue, or organ for which an aforementioned recombinant tissue protective cytokine is used 
express the EPO receptor. Such conditions include traumatic in situ hypoxia or metabolic 
dysfunction, surgically-induced in situ hypoxia or metabolic dysfunction, or in situ toxin 
exposure, the latter may be associated with chemotherapy or radiation therapy. In one 
embodiment, the adverse conditions are a result of caidio-puhnonary bypass (heart-lung 

20 machine), as is used for certam surgical procedures. 

The recombinant tissue protective cytokines of the invention are useful for the 
therapeutic or prophylactic treatment of human diseases of the central nervous system 
(CNS) or peripheral nervous system which have primarily neurological or psychiatric 
symptoms, as well as ophthalmic diseases, cardiovascular diseases, cardiopuhnonary 
25 diseases, respiratory diseases, kidney, urinary and reproductive diseases, gastrointestinal 
diseases and endocrine and metabolic abnormalities. 

The invention is also directed to pharmaceutical compositions conrprising particular 
aforementioned recombinant tissue protective cytokines for administration to a mammalian 
animal, preferably a human being. Such pharmaceutical compositions may be formulated 
30 for oral, intranasal, or parenteral administration, or in the form of a perfusate solution for 
maintaining the viability of cells, tissues, or organs ex vivo. 

Recombinant tissue protective cytokmes useful for the afor^enticned purposes 
may be a mutein, or gaietically-modified eryfluropoietin, that is. an erythropoietin for which 

3 
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at least one modification of the amino acid backbone of the native molecule exists, "Mutant 
protein," "variant protem" or "mutein" mean a protem comprising a mutant amino acid 
sequence and includes polypeptides which differ from the amino acid sequence of native 
erythropoietin due to amino acid deletions, substitutions, or both. "Native sequence" refers 

5 to an amino acid or nucleic acid sequence which is identical to a wild-type or native form of 
a gene or protein. Furthermore, in one embodiment, the recombinant tissue protective 
cytokines of the invention have cellular protective activity, but also have one or more of 
erythropoietin's effects upon the bone marrow, i.e., increased hematocrit (erythropoiesis), 
vasoactive action (vasoconstridton/vasodialation), hyperactivation of platelets, increased 

10 production oftbrombocytes, and pro-coagulant activities. In another embodiment, the 
recombinant tissue protective cytokines of the invention have cellular protective activity, 
but does not have one or more of erythropoietin's effects upon the bone manow, i.e., 
inoeased hematocrit (erythropoiesis), vasoactive action (vasoconstriciton/vasodialation), 
hyperactivation of platelets, increased production oftbrombocytes, and pro-coagulant 

1 5 activities. Preferably, a cellular protective recombinant tissue protective cytokine of the 
iavention lacks at least one of erj^opoietin's effects on the bone marrow; more preferably 
tiie recombinant tissue protective cytokine would lack erythropoietic activity; and most 
preferably the recombinant tissue protective cytokine lacks all of erythropoietin's effects on 
the bone manow. 

20 By way of non-limiting examples, changes in one or more amino acids may be 

made, or deletions or additions provided, to a native erythropoietin molecule. In a preferred 
embodiment, the recombinant tissue protective cytokine has one or more modifications in 
one or more of the following regions: VLQRY (amino acids 1 1 -1 S of native, human 
erythropoietin; SEQ ID NO: 1) and/or TKVNFYAW (amino acids 44-5 1 of native, human 

25 erythropoietin; SEQ ID NO:2) and/or SGLRSLTTL (amino acids 100-108 of native, human 
erythropoietin; SEQ ID NO:3) and/or SNFLRG (anodno acids 146-151 of native, human 
erythropoietin; SEQ ID N0:4), Other mutations maybe provided at anwno acids 7, 20, 21, 
29, 33, 38, 42, 59, 63, 67, 70, 83, 96, 126, 142, 143, 152, 153, 155, 156, and 161 of SEQ ID 
NO: 1 0. These other mutations may be alone or in addition to at least one mutation in at 

30 least one of the regions mentioned above. In certain embodiments, changes in one or more 
amino acids of TKVNFYAW (amino acids 44-51 of native, human erythropoietin; SEQ ID 
NO:2) results in a modified erytiiropoietin molecule with partial Amotion, i.e., having less 
erytiiropoietic activity tiian rhu-EPO. In other embodiments, changes in one or more amino 
acids of SGLRSLTTL (amino acids 100-108 of native, human erythropoietin; SEQ ID 
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N0:3) results in a recombinant tissue protective cytokine with partial function, i.e., having 
less erythropoietic activity than rhu-EPO. The above described recombinant tissue 
protective cytokines exhibit tissue protective or cellular protective activity. With respect to 
erythropoietic activities, the above described recombinant tissue protective cytokines lack or 
5 exhibit a decrease in one or more erythropoietic activities. Examples of erythropoietic 
activity include increasing hematocrit, vasoconstriction, hyperactivating platelets, pro- 
coagulant activities and increasing production of thrombocytes. Erythropoietic activities can 
be measured by techniques standard m the art. For example, hematocrit can be measured 
using the UT-7 cell assays described m Section 6.17, or using the techniques described in 

1 0 the Physicians' Desk Reference (Medical Economics Company, Inc., Montvale, NJ, 2000,) 
which is mcoiporated by reference herein in its entirety. In particular, pages 519-525 and 
2125-213 1 disclose methods which can be employed in measuring hematocrit levels and 
different hematocrit ranges are disclosed that can be used as targets to avoid toxicity. For 
example, in patients with chronic renal failure, the PDR recommends dosing erythropoietin 

15 to achieve non-toxic target hematocrits ranging from 30% to 36% in a patient (e.g., see 

PDR, p. 523, col. 1 , 11. 17-96 and p, 2129, col 1, 11. 8-93, and accompanying table in cols. 2 
and 3). The PDR notes that toxicity in flic form of polycythemia (a condition marked by an 
abnormal increase in the number of curculating red blood cells) can be avoided by carefidly 
monitoring the hematocrit and adjusting doses of EPO, withholding erythropoietin if the 

20 hematocrit approaches the high-end of the target range (36% for this patient population) or 
increases by more than 4 points in any 2-week period, until the hematocrit returns to the 
suggested target range (30% to 36% for this patient population; see PDR, p. 523, col. 1, and 
p. 2129, col. 1, under **Dose Adjustment). In contrast, for cancer patients on 
chemotherapy, flie PDR teaches to adjust the dosage at a different hematocrit level, i.e., if 

25 the hematocrit exceeds 40% (see p. 2129, col. 2, under **Dose AdjustmenO. In one 
embodiment, the recombinant tissue protective cytokine has one or more erythropoietic 
activities, but at levels that are not sufficient to cause adverse effects, i.e. effects that 
outweigh the flierapeutic benefit of the cellular protective activity of a recombinant tissue 
protective cytokine. In one embodiment, the recombinant tissue protective cytokines that 

30 possess one or more erythropoietic activities can still be used in the methods of the 
invention, provided the levels of erythropoietic activity are measured. In those 
embodiments whare the recombinant tissue protective cytokine possesses one or more 
erythropoietic activities, the erythropoietic activities can be measured and the dose amount 
and/or dose regimm of the cytokine can be adjusted to ensure the recombinant tissue 

35 protective cytokine is not toxic. In those embodiments where the recombinant tissue 
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protective cytokine possesses one or more eryfliropoietic activities, the oTthropoietic 
activities can be measured and the dose amount and/or dose regimen of the cytokine can be 
adjusted to ensure the recombinant tissue protective cytokine has low toxicity. In one 
embodiment, the recombinant tissue protective C3rtokine exhibits a decrease in one or more 
5 erythropoietic activities by about 1%, 2%, 4%, 6%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% in 
comparison to recombinant Epo. 

The invention provides for a recombinant tissue protective cytokine lacking at least 
one activity selected fiom the gcoup consisting of increasing hematocrit, vasoconstriction, 
10 hyperactivating platelets, pro-coagulant activities and increasing production of 

thrombocytes. The cytoldne comprises at least one responsive cellular protective activity 
selected from the group consisting of protecting, maintaining, enhancing or restoring the 
function or viability of a responsive mammalian cell, tissue, ox organ. 

In one embodiment of the invention, the recombinant tissue protective cytokine 
15 comprises one or more altered amino acid residue between position 11 to 15 of SEQ ID 
NO:10 [SEQ ID N0:1], position 44 to 51 of SEQ ID NO 10 [SEQ ID N0:2], position 100- 
108 of SEQ ID NO [SEQ ID N0:3], or position 146-151 of SEQ ID NO 10 [SEQ ID N0:4] ; 

In another embodiment, the recombinant tissue protective cytokine comprises an 
altered amino acid residue at one or more of the following positions of SEQ ID NO: 10: 7, 
20 20, 21, 29, 33, 38, 42, 59, 63, 67, 70, 83, 96, 126, 142. 143, 152, 153, 155, 156, or 161. 

In yet another embodiment, the recombinant tissue protective cytokine comprises the 
amino acid sequence of SEQ ID NO: 10 with one or more of the following changes (each 
altered sequence has been assigned a separate sequence identification number): an alanine at 
residue 6 of SEQ ID NO: 10 (SEQ ID NO: 15); an alanine at residue 7 of SEQ ID NO: 10 

25 (SEQ ID NO: 16); a serine at residue 7 of SEQ ID NO: 10 (SEQ ID NO: 17); an isoleucine 
at residue 10 of SEQ ID NO: 10 (SEQ ID NO: 18); a serine at residue 11 of SEQ ID NO: 10 
(SEQ ID NO: 19); an alanine at residue 12 of SEQ ID NO: 10 (SEQ ID NO: 20); an 
alanine at residue 13 of SEQ ID NO: 10 (SEQ ID NO: 21); an alanine residue 14 of SEQ ID 
NO: 10 (SEQ ID NO: 22); a glutamic acid at residue 14 of SEQ ID NO: 10 (SEQ ID NO: 

30 23); a glutamine at residue 14 of SEQ ID NO: 10 (SEQ ID NO: 24); an alanine at residue 15 
ofSEQIDNO: 10(SEQIDNO: 25); a phenylalanine at residue ISofSEQIDNO: 10 
(SEQ ID NO: 26); an isoleucine at residue 15 of SEQ ID NO: 10 (SEQ ID NO: 27); a 
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glutamic acid at residue 20 of SEQ ID NO: 10 (SEQ ID NO: 28); an alanine at residue 20 of 
SEQ ID NO: 10 (SEQ ID NO: 29); an alanine at residue 21 of SEQ ID NO: 10 (SEQ ID 
NO: 30); alysine at residue 24 of SEQ ID NO: 10 (SEQ ID NO: 31); a serine at residue 29 
of SEQ ID NO: 10 (SEQ ID NO: 32); a tyrosine at residue 29 of SEQ ID NO: 10 (SEQ ID 
5 NO: 33); an asparagine at residue 30 of SEQ ID NO: 10 (SEQ ID NO: 34); a threonine at 
residue 32 of SEQ ID NO: 10 (SEQ ID NO: 35); a serine at residue 33 of SEQ ID NO: 10 
(SEQ ID NO: 36); a tyrosine at residue 33 of SEQ ID NO: 10 (SEQ ID NO: 37); a lysine at 
residue 38 of SEQ ID NO: 10 (SEQ ID NO: 38); a lysine at residue 83 of SEQ ID NO: 10 
(SEQ ID NO: 39); an asparagine at residue 42 of SEQ ID NO: 10 (SEQ ID NO: 40); an 
10 alanine at residue 42 of SEQ ID NO: 10 (SEQ ID NO: 41); an alanine at residue 43 of SEQ 
ID NO: 10 (SEQ ID NO: 42); an isoleucine at residue 44 of SEQ ID NO: 10 (SEQ ID NO: 
43); an aspartic acid at residue 45 of SEQ K) NO: 10 (SEQ ID NO: 44); an alanine at 
residue 45 of SEQ ID NO: 10 (SEQ ID NO: 45); an alanine at residue 46 of SEQ ID NO: 10 
(SEQ ID NO: 46); an alanine at residue 47 of SEQ ID NO: 10 (SEQ ID NO: 47); an 
15 isoleucine at residue 48 of SEQ ID NO: 10 (SEQ ID NO: 48); an alanine at residue 48 of 
SEQ ID NO: 10 (SEQ ID NO: 49); an alanine at residue 49 of SEQ ID NO: 10 (SEQ ID 
NO: 50); a serine at residue 49 of SEQ ID NO: 10 (SEQ ID NO: 51); a phenylalanine at 
residue 51 of SEQ ID NO: 10 (SEQ ID NO: 52); an asparagine at residue 51 of SEQ ID 
NO: 10 (SEQ ID NO: 53); an alanine at residue 52 of SEQ ID NO: 10 (SEQ ID NO: 54); an 
20 asparagine at residue 59 of SEQ ID NO: 10 (SEQ ID NO: 55); a threonine at residue 62 of 
SEQ ID NO: 10 (SEQ ID NO: 56); a serine at residue 67 of SEQ ID NO: 10 (SEQ ID NO: 
57); an alanine at residue 70 of SEQ ID NO: 10 (SEQ ID NO: 58); an arginine at residue 96 
of SEQ ID NO: 10(SEQIDNO: 59); an alanine at residue 97 of SEQ ID NO: 10(SEQID 
NO: 60); an arginine at residue 100 of SEQ ID NO: 10 (SEQ ID NO: 61); a glutamic add at 
25 residue 100 of SEQ ID NO: 10 (SEQ ID NO: 62); an alanine at residue 100 of SEQ ID NO: 
10 (SEQ ID NO: 63); atibreonme at residue 100 of SEQ ID NO: 10 (SEQ ID NO: 64); an 
alanine at residue 101 of SEQ ID NO: 10 (SEQ ID NO: 65); an isoleucine at residue 101 of 
SBQ ID NO: 10 (SEQ ID NO: 66); an alanine at residue 102 of SEQ ID NO: 10 (SEQ ID 
NO: 67); an alanine at residue 103 of SEQ ID NO: 10 (SEQ ID NO: 68); a glutamic acid at 
30 residue 103 of SEQ ID NO: 10 (SEQ ID NO: 69); an alanine at residue 104 of SEQ ID NO: 
10 (SBQ ID NO: 70); an isoleucine at residue 104 of SEQ ID NO: 10 (SEQ ID NO: 71); an 
alanine at residue 105 of SEQ ID NO: 10 (SEQ ID NO: 72); an alanine at residue 106 of 
SEQ ID NO: 10 (SEQ ID NO: 73); an isoleucine at residue 106 of SEQ ID NO: 10 (SEQ ID 
NO: 74); an alanine at residue 107 of SEQ ID NO: 10 (SEQ ID NO: 75); a leucine at 
35 residue 107 of SEQ ID NO: 10 (SEQ ID NO: 76); a lysine at residue 108 of SEQ ID NO: 10 
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(SEQ ID NO: 77); an alanine at residue 108 of SEQ ID NO: 10 (SEQ ID NO: 78); a serine 
at residue 108 of SEQ ID NO: 10 (SEQ ID NO: 79); an alanine at residue 116 of SEQ ID 
NO: 10 (SEQ ID NO: 80); an alanine at residue 126 of SEQ ID NO: 10 (SEQ ID NO: 81); 
an alanine at residue 132 of SEQ ID NO: 10 (SEQ ID NO: 82); an alanine at residue 133 of 
5 SEQ ID NO: 10 (SEQ ID NO: 83); an alanine at residue 134 of SEQ ID NO: 10 (SEQ ID 
NO: 84); an alanine at residue 140 of SEQ ID NO: 10 (SEQ ID NO: 85); an isoleurine at 
residue 142 of SEQ ID NO: 10 (SEQ ID NO: 86); an alanine at residue 143 of SEQ ID NO: 
10 (SEQ ED NO: 87); an alanine at residue 146 of SEQ ID NO: 10 (SEQ ID NO: 88); a 
lysine at residue 147 of SEQ ID NO: 10 (SEQ ID NO: 89); an alanine at residue 147 of SEQ 

10 ID NO: 10 (SEQ ID NO: 90); a tyrosine at residue 148 of SEQ ID NO: 10 (SEQ ID NO: 
91); an alanine at residue 148 of SEQ ID NO: 10 (SEQ ID NO: 92); an alanine at residue 
149 of SEQ ID NO: 10 (SEQ ID NO: 93); an alanine at residue 150 of SEQ ED NO: 10 
(SEQ ID NO: 94); a glutamic acid at residue 150 of SEQ ID NO: 10 (SEQ K) NO: 95); an 
alanine at residue 151 of SEQ ID NO: 10 (SEQ ID NO: 96); an alanine at residue 152 of 

15 SEQ ID NO: 10 (SEQ ID NO: 97); a tryptophan at residue 152 of SEQ ID NO: 10 (SEQ ID 
NO: 98); an alanine at residue 153 of SEQ ID NO: 10 (SEQ ID NO: 99); an alanine at 
residue 154 of SEQ ID NO: 10 (SEQ ID NO: 100); an alanine at residue 155 of SEQ ID 
NO: 10 (SEQ ID NO: 101); an alanine at residue 158 of SEQ ID NO: 10 (SEQ ID NO: 
102); a serine at residue 160 of SEQ ID NO: 10 (SEQ ID NO: 103); an alanine at residue 

20 161 of SEQ ID NO: 10 (SEQ ID NO: 104); or an alanine at residue 162 of SEQ ID NO: 10 
(SEQ ID NO: 105). In one embodiment, the recombinant tissue protective cytokine 
comprises the amino acid sequence of SEQ ID NO: 10 with one or more of the amino acid 
residue substitutions of SEQ ID NOs: 15-105 and 119. 

In yet another embodiment, the recombinant tissue protective cytokine comprises the 
25 amino acid sequence of SEQ ID NO: 10 with a deletion of amino acid residues 44-49 of 
SEQ ID NO: 10. 

In still another embodiment, the recombinant tissue protective cytokine comprises, 
the amino acid sequence of SEQ ID NO: 10 with at least one of the following changes (each 
altered sequence has been assigned a separate sequence identification number): i) an 
30 aspartic acid at residue 45, and a glutamic acid at residue 1 00 of SEQ DD NO: 1 0 (SEQ ID 
NO: 106); ii) an asparagine at residue 30, a threonine at residue 32 of SEQ ID NO: 10 
(SEQ ID NO: 107); iii) an aspartic acid at residue 45, a glutamic acid at residue 150 SEQ ID 
NO: 10 (SEQ ID NO: 108); iv) a glutamic acid at residue 103. and a serine at residue 108 of 
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SEQ ID NO: 10 (SEQ ID NO: 109); v) an alaxune at residue 140 and an alanine at residue 
52 of SEQ ID NO: 10 (SEQ ID NO: 1 10); vi) an alanine at residue 140, an alanine at 
residue 52, an alanine at residue 45 of SEQ ID NO: 10 (SEQ ID NO: 1 1 1); vii) an alanine at 
residue 97, and an alanine at residue 152 of SEQ DD NO: 10 (SEQ ID NO: 1 12); iix) an 

5 alanine at residue 97, an alanine at residue 152, an alanine at residue 45 of SEQ ID NO: 10 
(SEQ ID NO: 1 13); ix) an alanine at residue 97, an alanine at residue 152, an alanine at 
residue 45, and an alanine at residue 52 of SEQ ID NO: 10 (SEQ ID NO: 1 14); x) an 
alanine at residue 97, an alanine at residue 1 52, an alanine at residue 45, an alanine at 
readue 52, and an alanine at residue 140 of SEQ ID NO: 10 (SEQ ID NO: 115); xi) an 

10 alanine at residue 97, an alanine at residue 1 52, an alanine at residue 45, an alanine at 
residue 52, an alanine at residue 140, an alanine at residue 154, a lysine at residue 24, a 
lysine at residue 38, a lysine at residue 83, a lysine at residue 24 and an alanine at residue 15 
of SEQ ID NO: 10 (SEQ ID NO: 1 16); xii) a lysine at residue 24, a lysine at residue 38, and 
a lysine at residue 83 SEQ ID NO: 10 (SEQ ED NO: 117); or xiv) a lysine at residue 24 and 

15 an alanine at residue 15 SEQ ID NO: 10 (SEQ ID NO: 1 18). In one embodiment, the 

recombinant tissue protective cytokine comprises, the amino acid sequence of SEQ ID NO: 
10 with at least one of the following amino add residue substitutions of SEQ ID NOs: 106- 
118. 

One embodiment of the invention is directed to the recombinant tissue protective 
20 cytokine as described herein above, furtho: comprising a chemical modification of one or 
more amino acids. In another embodiment the chemical modification comprises altering the 
charge of the recombinant tissue protective cytokine. In yet another embodiment, a positive 
or negative charge is chemically added to an amino acid residue where a charged amino 
acid residue is modified to an uncharged residue* 

25 Moreover, such aforementioned recombinant tissue protective cytokines may be 

fiirther modified by having a chemical modification of one or more amino acids, such as 
described in the following co-pending applications: PCX application serial no. 
PCT/USOl/49479, filed December 28, 2001, U.S. Patent Application Serial No. 09/753,132 
filed December 29, 2000, and U.S. Patent Application Attorney Docket No. KWOO- 

30 009C02-US filed July 3, 2002, each of these applications is mcorporated herein by reference 
in their entirety. These fiirther chemical modifications may be used to enhance the tissue 
protective activities of the recombinant tissue protective cytokines or suppress any effects 
the recombinant tissue protective cytokines may have on bone marrow. In a further 
embodiment, the additional chemical modification is provided to restore solubiUty of the 

9 
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molecule that may be reduced as a result of the afor^eutioned geuetic modification, such 
as chemically adding a positive or negative charge to the molecule if a charged amino acid 
residue is changed to an uncharged residue* 

By way of non-luniting examples, recombinant tissue protective cytokines of the 
5 invention include human erythropoietin mutein S lOOE (SEQ ID N0:5), human 

erythropoietin mutein K45D (SEQ K) N0:6), and any of the nonerythropoietic yet cellular 
protective recombinant tissue protective cytokines or those able to benefit a responsive cell, 
tissue or organ, that are described in Elliott et aL, 1997, Blood 89:493-502; Boissel et aL, 
Journal of Biological Chemistry, vol. 268, No, 21, pp. 15983-15993 (1993); Wen et aL, 
10 Journal of Biological Chemistry, vol. 269, No. 36, pp, 22839-22846 (1994); and Syed et al. 
Nature, vol. 395, pp. 511-516 (1998), which are incorporated herein by reference in their 
entireties. The preseat invention is directed to methods for the use of any of the 
aforementioned recombinant tissue protective cytokines for the protection, restoration, and 
enhancement of responsive cells, tissues, and organs. 

15 Other recombinant tissue protective cytokines of the invention include an 

aforementioned erythropoietin comprising at least one genetically altered amino acid with at 
least one additional modification which maybe another modification of at least one 
additional amino acid of the erythropoietin molecule, or a modification of at least one 
carbohydrate of the erythropoietin molecule. The genetically altered amino acid(s) maybe 

20 the one or among those finlher modified. Of coxirse, recombinant tissue protective cytokine 
molecules usefiil for the purposes herein may have a plurality of modifications as compared 
to the native erythropoietin molecule, such as multiple modifications of the amino acid 
portion of the molecule, multiple modifications of the carbohydrate portion of the molecule, 
or at least a second modification of the amino acid portion of the molecule and at least one 

25 modification of the carbohydrate portion of the molecule. The recombinant tissue 

protective cytokine molecule retains its abihty of protecting, maintaining, dancing or 
restoring the function or viability of responsive mammaUan cells, yet other properties of the 
recombinant tissue protective cytokine unrelated to the aforementioned, desirable feature 
may be absent as compared to the native molecule, hi a preferred embodiment, the 

30 recombinant tissue protective cytokine is non-erythropoietic. 

hi another embodiment, the recombinant tissue protective cytokuies can be modified 
by fiicosylation to alter glycoslyation patterns on a glycoprotein. 
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One embodiment of the invention is directed to the recombinant tissue protective 
cytokine as described herein above is a hmnan erythropoietin mntein. In another 
embodiment of the invention the recombinant tissue protective cytokine is a human 
phenylglyoxal erythropoietin mutein- In another embodiment of the invention, the 
5 recombinant tissue protective cytokine is a human asialoerythropoietin mutein. 

In one embodiment, as described herein above, the recombinant tissue protective 
cytokine comprises at least one responsive cellular protective activity selected from the 
group consisting of protecting, maintaining, enhancing or restoring the function or viability 
of a responsive mammalian cell, tissue, or organ. In such an embodiment, the responsive 

10 mammalian cell comprises a neuronal, muscle, heart, lung, liver, kidney, small intestine, 
adrenal cortex, adrenal medulla, capillary, endothelial, testes, ovary, endometrial, or stem 
cell. In other embodiments, the cell comprises a photoreceptor, ganglion, bipol^, 
horizontal, amacrine, MiiUer, myocardiimi, pace maker, sinoatrial node, sinus node, 
atrioventricular node, bundle of His, hepatocyte, stellate, Kupffer, mesangial, goblet, 

15 intestinal gland, enteral endocrine, glomerulosa, fasciculate, reticularis, chromaffin, 

pericyte, Leydig, Sertoli, sperm, QrafiBan follicles, primordial follicles, endometrial stroma 
cells, or endometrial celL 

According to anotiier aspect of the invention, the recombinant tissue protective 
cytokine, as described herein above, is capable of traversing an endothelial cell barrier. In a 
20 related embodiment, the endolhdial cell barria: comprises the blood-brain barrier, the 
blood-eye barrier, the blood testis barrier, the blood-ovary barrier, blood-placenta, blood- 
heart, blood-kidney, and the blood-uterus barrier. 

In another embodiment of the invention, the recombinant tissue protective cytokme 
as described herein above is further modified. In one embodiment, the recombinant tissue 

25 protective cytokine is selected from the groiqp consisting of: i) a cytokine having a reduced 
number or no sialic acid moieties; ii) a cytokine having a reduced number or no N-linked or 
O-linked carbohydrates; iii) a cytokine having at least a reduced carbohydrate content by 
virtue of treatment of native cytokine with at least one glycosidase; iv) a cytokine having at 
least one or more oxidized carbohydrates; v) a cytokme having at least one or more oxidized 

30 carbohydrates and is chemically reduced; vi) a cytokine having at least one or more 
modified arginine residues; vii) a cytokine having at least one or more modified lysine 
residues or a modification of the N-terminal amino group of a cytokme molecule; viii) a 
cytokine having at least a modified tyrosine residue; ix) a cytokine having at least a 

11 
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modified aspartic acid or gtutamic acid residue; x) a cytokine having at a modified 
tryptophan residue; xi) a cytokine having at least one amino acid group removed; xii) a 
cytokine having at least one opening of at least one of the cystine linkages in the cytokine 
molecule; xiii) a truncated cytokine; xiv) a cytokine having at least one polyethylme glycol 
5 molecule attachec^ xv) a cytokine having at least one fatty acid attached; xvi) a cytokine 
having a non-mammalian glycosylation pattern by virtue of the expression of a recombinant 
cytokine in non-manunalian cells; and xvi) a cytokine having at least one histidine tagged 
amino acid to facilitate puiificatioa 

In one embodiment, the recombinant tissue protective cytoldne of the invention has 
10 a reduced number of sialic acid moieties, or no sialic acid moieties. In a preferred 
embodiment, the recombinant tissue protective cytoldne is the asialo form of an 
erythropoietin (Le. has no sialic acid moieties), and most preferably, a human 
asialoerytfaropoietin. In another embodiment, the recombinant tissue protective cytokine 
has 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or 13 sialic acid moieties. The number of available 
1 5 sites for sialyiation may be altegred by the presence of one or more altered or modified 

amino acids in the recombinant tissue protective cytokine. Therefore, the present inv^tion 
covers embodiments wherein the recombinant tissue protective cytokine is either 
hyposialylated or hypersialylated. In a preferred aspect, the erythropoietin mutein has more 
than the 14 sialic acid moieties present in native erythropoietin. 

20 In one embodiment, the recombinant tissue piotective cytokine is an erythropoietin 

with no N-linked carbohydrates. In another embodiment, the recombinant tissue protective 
cytokine is an erythropoietin with a reduced number of N-lioked carbohydrates. In one 
embodiment, the recombinant tissue protective cytokine is an erythropoietin with no O 
linked carbohydrates. In another embodiment, the recombinant tissue protective cytokine is 

25 an erythropoietin with a reduced number of 0-linked carbohydrates. 

In another embodiment, the recombinant tissue protective cytokines can be modified 
by fucosylation to alter glycoslyation patterns on a glycoprotein. 

In yet another embodiment, the recombinant tissue protective cytokine is treated 
with at least one glycosidase. In another embodiment, the recombinant tissue protective 
30 cytokine has at least a reduced carbohydrate content by virtue of treatment of the 
recombinant tissue protective cytokine with at least one glycosidase. 
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la yet another embodiment, the caibohydrate portion of the recombinant tissue 
protective cytokine has at least a non-mammalian glycosylation pattern by virtue of the 
expression of a rccombmant erythropoietin in non-mammalian cells. In preferred 
embodiments, the recombinant tissue protective cytokines are expressed in insect cells, 
5 plant cells, bacteria cells, or yeast cells. 

In yet another embodiment, the recombinant tissue protective cytokine further has at 
least one or more oxidized carbohydrates which also may be chemically reduced. In a 
preferred embodiment, the recombinant tissue protective cytokine is periodate-oxidized 
erythropoietin. In certain embodiments, the periodate-oxidized erythroppietin is 
10 chemically reduced with sodium cyanoborohydride. 

In yet another embodiment, the recombinant tissue protective cytokine for the 
afot^entiohed uses has at least one or more modified arginine residues. In one 
embodiment, the recombinant tissue protective cytokine comprises an R-glyoxal moiety on 
the one or more arginine residues, wherem R is aryl or aDcyl moiety. In yet another 

15 embodiment, the recombinant tissue protective cytokine is phenylglyoxal-erythropoietin. In 
yet another embodiment, the recombinant tissue protective cytokine is an eiythropoietin in 
which an argbcune residue is modified by reaction with a vicinal diketone, such as but not 
limited to, 2,3-butanedione and cyclohexanedione. Jn yet another embodiment, tiie 
recombinant tissue protective cytokine is an erythropoietin in which an arginiae residue is 

20 reacted with 3-deoxyglucosone. 

in yet another embodiment, the recombinant tissue protective cytokine comprises at 
least one or more modified lysine residues or a modification of the N-terminal amino group 
of the erytiiropoietin molecule, such modifications as those resulting &am reaction of the 
lysine residue or N-terminal amino group with an amino-group-modifying agent. The 

25 modified lysine residue finther may be chemically reduced. In one preferred embodiment, a 
recombinant tissue protective cytokine is biotinylated or carfoamylated or acylated, such as 
acetyiated, via one or more lysine groins. In anotiier preferred embodiment, the lysine is 
reacted with an aldehyde or reducing sugar to form an imine, which may be stabilized by 
reduction as with sodium cyanoborohydride to form an N-alkylated lysine such as glucitolyl 

30 lysine, or which in the case of reducing sugars may be stabilized by Amadori or Heyns 
rearrangement to form an alpha-deoxy alpha-amino sugar such as alpha-deoxy-alpha- 
finctosyllysine. In another preferred embodiment, the lysme group is carbamylated 
(cafbamoylated), such as by virtue of reaction with cyanate ion, alkyl-carbamylated, aryl- 

13 
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carbamylated, or aryl-thiocarbamylated with an alkyl-isocyanate, aryl-isocyanate, or aryl 
isothiocyanate, respectively, or it maybe acylated by a reactive alkylcarboxylic or 
arylcafboxylic acid derivative, such as by reaction with acetic anhydride, succinic anhydride 
or phthalic anhydride. At least one lysine group may also be trinitropheayl, modified by 

S reaction with a trimtrobenzenesulfonic acid, or preferably its salts. In another embodiment, 
lysine residues may be modified by reaction with a glyoxal derivative, such as reaction with 
glyoxal, methylglyoxal or 3-deoxyglucosone, to fonn the corresponding alpha-carboxyalkyl 
derivatives. In a related embodiment, the carbamylated cytokine is comprised of alpha-N- 
carbamoylerythropoietin; N-epsilon-carbamoyleryfhropoietin; alpha-N-carbamoyl, N- 

10 epsilon-carbamoylerythropoietin; alpha-N-cafbamoylasialoerythropoietix^ N-epsilon- 
caxbamoylasialoerythropoietin; alpha-N-caxbamoyl, N-epsilon- 
carbamoylasialoerythropoietin; alpha-N-carbamo)dhyposialoerythropoietin; N-epsilon- 
carbamoylhyposialoerythropoietin; and alpha-N-caibamoyl, N-epsilon- 
caibamoylhyposialoerythropoietin. In yet another embodiment, the recombinant tissue 

IS protective cytokine comprises at least one acylated lysine residue. In yet another 

embodiment, the recombinant tissue protective cytokine comprises at least one acylated 
lysine residue. In yet another embodiment, the recombinant tissue protective cytokiue 
comprises at least one acylated lysine residue. In a related embodiment, the acetylated 
cytokine is coniprised of alpha-N-acetylerythropoietin; N-epsilon-acetylerythropoietin; 

20 alpha-N-acetyl, N-epsilon-acetylerythropoietin; alpha-N-acetylasialoerythropoietin; N- 
epsilon-acetylasialoerythropoietin; alpha-N-acetyl, N-epsilon-acetylasialoerythropoietin; 
alpha-N-acetylhyposialoerythropoietin; N-epsilon-acetylhyposialoerythropoietin; alpha-N- 
acetyl, N-qpsilon-acetylhyposiaioerythropoietin; alpha-N-acetylhypersialoerythropoietin; N 
epsilon-acetylhypersialoerythropoietin; alpha-N-acetyl, andN-epsilon- 

25 acetylhypersialoerythropoietin. 

In yet another embodiment, the recombinant tissue protective cytokine has a lysine 
residue that is succinylated. In a related ^bodiment, the succinylated cytokine is 
comprised of alpha-N-succinylerytbropoietin; N-epsilon-succinylerythropoietin; alpha-N- 
succinyl, N-epsilon-succinylerythropoietin; aj^ha-N-succmylasialoerythropoietin; N- 
30 epsilon-succinylasialoerythropoietin; alpha-N-succinyl, N-epsilon- 

succinylasialoerytfaxopoietin; alpha-N-succinyUiyposialoerythropoietin; N-epsilon- 
succinylhyposialoerytfaropoietin; alpha-N-succinyl, N»epsilon- 
succinylhyposialoerythropoietin; alpha-N-succinylhypersialoerythropoietin; N-epsilon- 
succiaylhypersialoerythropoietin; and N-epsilon-succinj4hypersialoerythropoietin. 

14 
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In one embodimeat, at least one tyrosine residue of a recombinant tissue protective 
cytokine may be modified in an aromatic ring position by an electrophilic reagent, such as 
by nitration or iodination. la a related embodiment, the recombinant tissue protective 
cytokine as described herein above conq)iises at least one lysine residue modified by 2, 4, 6 
5 tEintrobenzenesulfonate sodium or another salt thereof. 

In another embodiment, the recombinant tissue protective cytokine comprises at 
least one nitrated or iodinated tyrosine residue. 

In another embodiment, the recombinant tissue protective cytokine comprises an 
aspartic acid or glutamic acid residue that is reacted wilh a carbodiimide followed by 
1 0 reaction wi& an amine. In a related embodiment, the amine is glycinamide. 

In one embodiment, at least a tryptophan residue of a recombinant tissue protective 
cytokine is modified, such as by reaction with n-bromosuccinimide or nrchlorosuccinimide. 

Jxx another embodiment, a recombinant tissue protective cytokine is provided having 
at least one erythropoietin amino group removed, such as by reaction with ninhydrin 
15 followed by reduction of the resultmg carbonyl group by reaction with borohydride. 

In yet another embodiment, a recombinant tissue protective cytokine is provided 
having at least an opening of at least one of the cystine linkages in the molecule by reaction 
with a reducing agent such as dithiothreitol, followed by reaction of the subsequent 
sulflxydryls with iodoacetamide, iodoacetic acid or another electropbile to prevent 
20 reformation of the disulfide linkages. 

In yet another embodiment, a recombinant tissue protective cytokine is subjected to 
a limited chemical proteolysis that targets specific residues, for example, to cleave after 
tryptophan residues. Such resulting recombinant tissue protective cytokine fragments are 
embraced herein. 

25 As noted above, a recombuiant tissue protective cytokine useful for the purposes 

herein optionally may have at least one of the aforementioned chemical modifications in 
addition to the genetically altered amino acid(s), but may have more than one of the above 
modifications. By way of example of a recombinant tissue protective cytokine with one 
modification to the carbohydrate portion of the molecule and one modification to the amino 

30 acid portion, a recombinant tissue protective cytokine is an adaloerythropoietin that has its 

lysine residues biotinylated, acylated (such as acetylated) or caibamylated. The 
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recombiBant tissue protective cytokines can also be modified by the addition of fatty acid 
chains. In another embodiment, a recombmant tissue protective cytokine is modified by 
pegaladon, to create pegylated tissue protective cytokines by the addition of polyethylene 
glycol (PEG). 

5 According to one aspect of the invention, there is provided an isolated nucleic acid 

molecule that comprises a nucleotide sequence which encodes a polypeptide comprising the 
recombinant tissue protective cytokine as described herein above. In one embodiment, the 
isolated nucleic acid molecule comprises the nucleotide sequence of nucleotide residues 
5461 through 6041 of the vecotor contruct of SEQ ID NO: 208, nucleotide residues 5461 

10 through 6041 of SEQ ID NO: 209, nucleotide residues 5461 through 6041 of SEQ ID NO: 
210, nucleotide residues 5461 through 6041 of SEQ ID NO: 211, or nucleotide residues 
5461 through 6041 of SEQ ID NO: 212. 

In one embodiment of the invention, there is provided an isolated nucleic acid 
molecule that comprises a nucleotide sequence (i.e., a cDNA, a nucleotide sequ^ice 

15 interrupted by introns, or uninterrupted by introns), which encodes a polypeptide 

comprising or consisting of the recombinant tissue protective cytokine as described herein 
above with the proviso that the nucleic acid molecule does not encode a recombinant tissue 
protective cytokine that comprises one or more of the following amino acid substitutions: 
I6A, C7A, EC20A, P42A, D43A, K45D, K45A, F48A, Y49A, K52A, K49A, SIOOE, R103A, 

20 K116A, T132A, I133A, K140A, N147K, N147A, R150A, R150E, G151A, K152A, K154A, 
G158A, C161A, or R162A. In a related embodiment, there is provided an isolated nucleic 
add molecule that comprises a nucleotide sequence which encodes a polypeptide 
comprising the recombinant tissue protective cytokine as described herein above with the 
proviso that the nucleic acid molecule does not encode a recombinant tissue protective 

25 cytokine that comprises any of the following combinations of substitutions: 

N24K/N38K/N83K or A30N/H32T. In one embodiment, the a nucleotide sequence, 
encoding the recombinant tissue protective cytokine, is synthesized using preferred codons 
that faciUtate optimal expression in a particular host cell. Such preferred codons can be 
optimal for expression in cells of a species of plant, bacteria, yeast, mammal, fungi, or 

30 insect 

The invention also provides for a vector comprising the nucleic acid molecule. The 
invention also provides for an expression vector comprising the nucleic acid molecule and 
at least one regulatory region operably linked to the nucleic acid molecule. In one 

16 
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embodimeat, the vector is a pCiNeo vector. In another embodiment, the invention provides 
for a cell comprising the expression vector. In yet another embodiment, there is provided a 
geneticaUy-engineered cell which comprises the nucleic acid molecule. 

In another embodiment, the present invention also embraces compositions, including 
5 pharmaceutical compositions, comprising one or more of the aforementioned recombinant 
tissue protective cytokines. 

According to another aspect of the invention, there is provided a pharmaceutical 
composition comprising a recombinant tissue protective cytokine as described herem above, 
lacking at least one erythropoietic activity selected from the group consisting of mcreasing 
10 hematocrit, vasoconstriction, hyperactivating platelets, pro-coagulant activities and 

mcreasing production of thrombocytes. According to another aspect of the invention, there 
is provided a phannaceutical composition cotrprismg a recombinant tissue protective 
cytokine as described herein above, but the cytokines do not lack at least one erythropoietic 
activity selected from the group consisting of iocreasing hematocrit, vasoconstriction, 
1 5 hyperactivating platelets, pro-coagulant activities and increasmg production of 

thrombocytes. The cytokine comprises at least one responsive cellular protective activity 
selected from the group consisting of protecting, maintaining, enhancmg or restoring the 
function or viability of a resfponsive mammalian cell, tissue or organ. The recombinant 
tissue protective cytokine of the phannaceutical composition may con[q)rise the anoino acid 
20 sequence of SEQ ID NO: 10 with at least one of the follomog changes, i.e. substitutions, 
(each change or combination of changes listed has been assigned a separate sequence 
identification number): i) an aspartic acid at residue 45, and a glutamic acid at residue 100 
of SBQ ID NO: 10 (SEQ ID NO: 106); ii) an asparagine at residue 30, a threonine at residue 
32 of SBQ ID NO: 10 (SEQ ID NO: 107); iii) an aspartic acid at residue 45, a glutamic acid 
25 at residue 150 SEQ ID NO: 10 (SEQ ID NO: 108); iv) a glutamic acid at residue 103, and a 
serine at residue 108 of SEQ ID NO: 10 (SEQ ID NO: 109); v) an alanine at residue 140 
and an alanine at residue 52 of SEQ ID NO: 10 (SEQ ID NO: 110); vi) an alanine at residue 
140, an alanine at residue 52, an alanine at residue 45 of SEQ ID NO: 10 (SEQ ID NO: 
1 1 1); vii) an alanine at residue 97, and an alanine at residue 152 of SEQ ID NO: 10 (SEQ 
30 ID NO: 112); inc) an alanine at residue 97, an alanine at residue 152, an alanine at residue 
45 of SEQ ID NO: 10 (SEQ ID NO: 113); ix) an alanine at residue 97, m alanine at residue 
152, an alanine at residue 45, and an alanine at residue 52 of SEQ ID NO: 10 (SEQ ID NO: 
1 14); x) an alanine at residue 97, an alanine at residue 152, an alanine at residue 45, an 
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alanine at residue 52, and an alanine at residue 140 of SEQ ID NO: 10 (SEQ ID NO: 115); 
xi) an alanine at residue 97, an alanine at residue 152, an alanine at residue 45, an alanine at 
residue 52, an alanine at residue 140, an alanine at residue 154, a lysine at residue 24, a 
lysine at residue 38, a lysine at residue 83, a lysine at residue 24 and an alanine at 15 

5 ofSEQIDNO: 10(SEQIDNO; 1 16); xii) a lysine at residue 24, a lysine at residue 38, and 
alysineatresidue83SEQIDNO: 10(SEQIDNO: 117); or xiv) a lysine at residue 24 and 
analanineatresiduelSSEQIDNO: 10(SEQIDNO: 118). 

According to another aspect of die invention, there is provided a pharmaceutical 
con35)osition for protecting, maintaining, enhancing, or restoring the function or viability of 

10 responsive mammalian cells and their associated cells, tissues, and organs, comprising a 
therapeutically effective amount of a recombinant tissue protective cytokine, comprising at 
least one of the following amino acid residue substitutions: (each change or combuiation of 
changes listed has been assigned a separate sequence identification number): a tryptophan at 
residue 152 of SEQ ID NO: 10 (SEQ ID NO: 98); an alanine at residue 14 and an alaoine at 

15 residue 15 of SEQ ID NO: 10 (SEQ ID NO: 119); an alanine at residue 6 of SEQ ID NO: 10 
(SEQ ID NO: 15); an alanine at residue 7 of SEQ ID NO: 10 (SEQ ID NO: 16); analanme 
at residue 43 of SEQ ID NO: 10 (SEQ ID NO: 42); an alanine at residue 42 of SEQ ID NO: 
10 (SEQ ID NO: 41); an alanine at residue 48 of SEQ ID NO: 10 (SEQ ID NO: 49); an 
alanine at residue 49 of SEQ ID NO: 10 (SEQ ID NO: 50); an threonine at residue 32 of 

20 SEQ ID NO: 10 (SEQ ID NO: 35); an alanine at residue 133 of SEQ ID NO: 10 (SEQ ID 
NO: 83); an alanine at residue 134 of SEQ ID NO: 10 (SEQ ID NO: 84); an alanine at 
residue 147 of SEQ ID NO: 10 (SEQ ID NO: 90); an alamne at residue 148 of SEQ ID NO: 
10 (SEQ ID NO: 92); an alanine at residue 150 of SEQ ID NO: 10 (SEQ ID NO: 94); an 
alanine at residue 151 of SEQ ID NO: 10 (SEQ ID NO: 96); an alamne at residue 158 of 

25 SEQ ID NO: 10 (SEQ ID NO: 102); an alamne at residue 161 of SEQ ID NO: 10 (SEQ ID 
NO: 104); or an alanine at residue 162 of SEQ ID NO: 10 (SEQ ID NO: 105). 

In one embodiment, the pharmaceutical composition described above herein is 
formulated for oral, intranasal, or parenteral administration. In another embodimrat, tiie 
pharmaceutical composition is formulated as a perfusate solution. 

30 In certain embodiments, the pharmaceutical compositions of the invention for 

protecting, maintaining, enhancing, or restoring the function or viability of responsive 
mammalian cells and their associated cells, tissues, and organs, comprise a therapeutically 
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effective amount of a recombinant tissue protective cytokine, conqmsing at least one 
substitution of anaino acid residues of native, human erythropoietin amino acid sequence. 

In other embodiments, a pharmaceutical composition of the invention for protecting, 
maintaining, enhancing, or restoring the ftmction or viability of responsive mammalian cells 
5 and their associated cells, tissues, and organs, comprises a therapeutically effective amount 
of a recombinant tissue protective cytokine, comprising cellular protective activity may lack 
one or more erythropoietic activities or effects such as increasing hematocrit, vasoactive 
action (vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant activities 
and increasing production of thrombocytes. 

10 In other embodiments, a pharmaceutical composition of the invention for protecting, 

maintaining, enhancing, or restoring the function or viability of responsive mammalian cells 
and their associated cells, tissues, and organs, comprises a therapeutically effective amount 
of a recombinant tissue protective cytokine, comprising cellular protective activity also has 
one or more erythropoietic activities or effects such as increasing hematocrit, vasoactive 

1 5 action (vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant activities 
and increasing production of thrombocytes. 

According to one aspect of the invention, there is provided a method for protecting, 
maintaining or enhancing the viability of a cell, tissue, or organ isolated from a mammalian 
body comprising exposing said cell, tissue, or organ to a phannaceutical composition 
20 comprising a recombinant tissue protective cytokine conq)rised of an erythropoietin that 
lacks at least one erythropoietic activity selected from tiie group consisting of increasing 
hematocrit, vasoactive action (vasoconstriction/vasodilatation), hyperactivating platelets, 
pro-coagulant activity and uiCTeasing production of thrombocytes. In certain embodiments, 
the protection does not effect bone marrow. 

25 The invention also provides for a method for protecting, maintaining or enhancing 

the viabiHty of a cell, tissue, or organ isolated from a mammalian body comprising exposing 
said cell, tissue, or organ to a pharmaceutical composition comprising a recombmant tissue 
protective cytokine comprised, as described herein above, that lacks at least one 
erythropoietic activity selected from the group consisting of increasing hematocrit, 

30 vasoactive action (vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant 
activity and increasing production of thrombocytes. 



19 



f 

wo 2004/003176 PCT/US2003/020964 

The invention further provides for the use of a recombinant tissue protective 
cytokine as described herein above, that lacks at least one erythropoietic activity selected 
. from the groiQ) consisting of increasing hematocrit, vasoactive action 
(vasoconstrictionArasodilatation), hyperactivating platelets, pro-coagulant activity and 
5 increasing production of thrombocytes, for the preparation of a pharmaceutical composition 
for the protection against and prevention of a tissue injury as well as the restoration of and 
rejuvenation of tissue and tissue function in a mammal. In one embodiment, the injury is 
caused by a seizure disorder, multiple sclerosis, stroke, hypot^ion, cardiac arrest, 
ischemia, myocardial in&rction, inflammation, age-related loss of cognitive function, 

10 radiation damage, cerebral palsy, neurodegenerative disease, Alzheimer's disease, 

Parkinson's disease, Leigh's disease, AIDS dementia, memory loss, amyotrophic lateral 
sclerosis, alcoholism, mood disorder, anxiety disorder, attention deficit disorder, 
hyperactivity, autism, Creutzfeld-Jakob disease, brain or spinal cord trauma or ischemia, 
heart-lung bypass, chronic heart fisdlure, macular degeneration, diabetic neuropathy, diabetic 

IS retinopathy, glaucoma, retinal ischemia, or retinal trauma. 

According to another aspect of the invention, there is provided a method for 
facilitating the transcytosis of a molecule across an ^dothelial cell barrier in a mammal 
comprising administration to said mammal a composition comprising said molecule in 
association with a recombinant tissue protective cytokine as described herein above, lacking 

20 at least one activity selected fiom the group consisting of increasing hematocrit, increasing 
blood pressure, hyperactivating platelets, and increasing production of thrombocytes. In 
one embodiment, the association is a labile covalent bond, a stable covalent bond, or a non- 
covalent association with a binding site fi3r said molecule. According to another aspect of 
the invention, there is provided a method for facilitatii^ the transcytosis of a molecule 

25 across an endothelial cell barrier in a mammal comprising administration to said manmaal a 
composition comprising said molecule in association with a recombinant tissue protective 
cytokine as described herein above, and having activity selected &om the group consisting 
of increasing hematocrit, increasing blood pressure, hyperactivating platelets, and 
increasing production of thrombocytes. In one embodiment, the association is a labile 

30 covalent bond, a stable covalent bond, or a non-covalent association with a binding site for 
said molecule, hi anoth^ embodimat, the endothelial cell barrio is selected from the 
group consisting of the blood-brain barrier, the blood-eye bairi^, the blood-testis barrier, 
the blood-ovary barrier, the blood-heart, the blood kidney, and the blood-placenta barrier. 
In yet another embodiment, the molecule is a receptor agonist or antagonist hormone, a 
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neurotrophic factor, an antimicrobial agent, an antiviral agent, a radiopharmaceutical, an 
antisense oligonucleotide, an antibody, an immunosuppiessant, a dye, a marker, or an anti- 
cancer drag. 

According to another aspect of the invention, there is provided a composition for 
5 transporting a molecule via transcytosis across an endothelial cell barrier comprising said 
molecule in association with a recombinant tissue protective cytokine, as described herein 
above, lacktQg at least one erythropoietic activity selected fix)m the group consisting of 
increasing hematocrit, vasoactive action (vasoconstriction/vasodilatation), hyperactivating 
platelets, pro-coagulant activity and increasing production of thrombocytes. According to 
10 another aspect of the invention, there is provided a composition for transporting a molecule 
via transcytosis across an endothelial cell barrier comprising said molecule in association 
with a recombinant tissue protective cytokine, as described herein above, and having at least 
one erythropoietic activity selected from the group consisting of increasing hematocrit, 
vasoactive action (vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant 
15 activity and increasing production of thrombocytes. In one embodiment, the association is a 
labile covalent bond, a stable covalent bond, or a non-covalent association with a binding 
site for said molecule. In another embodiment, the molecule is a receptor agonist or 
antagonist hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, 
aa antisense oligonucleotide, an antibody, an immunosuppressant, a dye, a marker, or an 
20 anti-cancer drug. 

The invention also provides for the use of an recombinant tissue protective cytokine 
as described herein above, lacking at least one erythropoietic activity selected from the 
group consisting of increasing hematocrit, vasoactive action 

(vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant activities and 
25 increasing production of thrombocytes. In one embodiment, the association is a labile 

covalent bond, a stable covalent bond, or a non-covalent association with a binding site for 
said molecule. In another embodiment, the molecule is a receptor agonist or antagonist 
hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, an antisense 
oUgonucleotide, an antibody, an immimosuppressant, a dye, or a marker, or an anti-cancer 
30 drug. 

Thus, the invention is directed to a cellular protective use of any recombinant tissue 
protective cytokine with an alteration in at least one amino acid of the native erythropoietm 
counterpart, wherein the recombinant tissue protective cytokine has cellular protective 
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activity as described herein. Such cellular protective activity includes, but is not limited to, 
neuroprotective activity. The invention is fiirther directed to a use of any of the 
aforementioned recombinant tissue protective cytokines in the treatment of a responsive 
cell^ tissue or organ, in particular for treatment of a condition or disease involving such a 

5 responsive cell, tissue or orgaa In one such embodiment, the recombinant tissue protective 
cytokines have at least one erythropoietic activity selected from the group consisting of 
increasing hematocrit, vasoactive action (vasoconstrictionA^asodilatation), hyperactivating 
platelets, pro-coagulant activities and increasing production of fhiombocytes. A 
recombinant tissue protective cytokine of the invention preferably maintains the three- 

10 dimensional conformation of native erythropoietin. The recombinant tissue protective 
cytokine may or may not have erythropoietic activity. 

In one embodiment of the mveation, the recombinant tissue protective cytokine is 
oreated as a recombinant protem with N terminal fusion of HisTag (6xHis residues). In 
certain embodiments, additional amino acid sequences may be added as a spacer. In a 
IS specific embodiment, the histidine-tagged recombinant tissue protective cytokine mutdns of 
the invention, include, but are not limited to, K4SD-6xHis and S100E-6xI£s. 

In another aspect of the invention, any of the foregoing recombiaant tissue 
protective cytokines can be used in the preparation of a pharmaceutical composition for ex 
vivo treatment of cells, tissues, and organs for the purpose of protecting, maintaining, 

20 enhancing, or restoring the function or viability of responsive mammalian cells and their 
associated cells, tissues, and organs. Such ex vivo treatment is useful, for example, for the 
preservation of cells, tissues, or organs for transplant, whether autotransplant or 
xenotransplant. The cells, tissue or organ may be bathed in a solution comprising 
erythropoietin muteins or recombinant tissue protective cytokines, or the perfusate instilled 

25 iuto the organ through the vasculature or other means, to maintain cellular functioning 

during the period wherein the cells, tissue or organ is not integrated with the vasculature of 
the donor or recipient Administration of the perfusate may be made to a donor prior to 
organ harvesting, as well as to the harvested organ and to the recipient. Moreover, the 
aforementioned use of any recombinant tissue protective cytokine is useful whenever a cell, 

30 tissue or organ is isolated from the vasculature of the individual and thus essentially existing 
ex vivo for a period of time, the term isolated referring to restricting or clamping the 
vasculature of or to the cell, tissue, organ or bodily part, such as may be performed during 
surg^, including, in particular, cardio pulmonary bypass surgery bypassing the 
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vasculature of the cell, tissue, organ or bodily part; removing the cell, tissue, organ or bodily 
part from the mammalian body, such may be done in advance of xenotransplantation or 
prior to and during autotransplantation; or traumatic amputation of a cell, tissue, organ or 
bodily part Thus, this aspect of the invention pertains both to the perfusion with an 
5 erythropoietin mutein in situ and ex vivo. Ex vivo, the recombinant tissue protective 

cytokine may be provided in a cell, tissue or organ preservation solution. For either aspect, 
the exposing may be by way of continuous perfusion, pulsatile perfusion, infusion, bathing, 
injection, or catheterization. 

In yet a further aspect, the invention is directed to a method for protecting, 

10 maintaining, enhancing, or restoring the viabiUty of a mammalian cell, tissue, organ or 
bodily part which includes a responsive cell or tissue, in which the cell, tissue, organ or 
bodily part is isolated from the mammaUan body. The method includes at least exposing 
the isolated mammalian cell, tissue, organ or bodily part to an amount of an erythropoietin 
mutein or recombinant tissue protective cytokine for a duration which is effective to protect, 

15 maintain, enhance, or restore the aforesaid viabiUty. In non-limiting examples, isolated 

refers to restricting or clanaping the vasculature of or to the cell, tissue, organ or bodily part, 
such as may be performed during surgery, in particular, cardio pulmonary bypass surgery; 
bypassing the vasculature of the cell, tissue, organ or bodily part; removing the cell, tissue, 
organ or bodily part from the mammalian body, such may be done in advance of 

20 xenotransplantation or prior to and during autotransplantation; or traumatic amputation of a 
cell, tissue, organ or bodily part. Thus, this aspect of the mvention pertains both to the 
perfusion with an erythropoietin mutein or recombinant tissue protective cytokine in situ 
and ex vivo. Ex vivo, the recombinant tissue protective cytoldne may be provided in a cell, 
tissue or organ preservation solution. For either aspect, the exposing may be by way of 

25 continuous perfusion, pulsatile perfusion, infusion, bathing, injection, or catheterizadoiL 

By way of non-limiting examples, the aforementioned ex vivo responsive cell or 
tissue may be or comprise neuronal, retinal, muscle, heart, lung, liver, kidney, small 
intestine, adrenal cortex, adrenal medulla, capillary endothelial, testis, ovary, pancreas, 
bone, bone marrow, skin, umbilical chord blood, or endometrial cells or tissue. These 
3 0 examples of responsive cells are merely illustrative. 

All of the foregoing methods and uses are preferably applicable to hmnan beings, 
but are useful as well for any mammal, such as, but not limited to, companion animals, 
domesticated animals, livestock and zoo animals. Routes of administration of the 
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aforementioiied phannaceutical compositibns include oral, intravenous, intranasal, topical, 
intraluminal, inhalation or parenteral administration, the latter including intravenous, 
intraarterial, subcutaneous, intramuscular, intraperitoneal, submucosal or intradermal. For 
ex vivo use, a perfiisate or bath solution is preferred. This includes perfusing an isolated 
5 portion of the vasculature in fi/u. 

In yet another aspect of the invention, any of the aforementioned recombinant tissue 
protective cytokines are useful iu preparing a pharmaceutical composition for restoring a 
dysfunctional cell, tissue or organ when administered after the onset of the disease or 
condition responsible for the dysfunction. By way of non-limiting example, administration 

10 of a phannaceutical composition comprisiag a recombinant tissue protective cytokine 
restores cognitive function in animals previously having brain trauma, even when 
administered long after (e.g.,one day, three days, five days, a week, a month, or longer) the 
initial trauma. The present invention encompasses pharmaceutical compositions for the 
treatment (i.e. ameliorating or reversing the symptoms or effects of) and prevention, (i.e. 

IS delaying the onset of, inhibiting, or stopping) of subsequent damage to cells and tissues that 
cascades from initial trauma. Recombinant tissue protective cytokines useful for such 
applications include any of the particular aforementioned recombinant tissue protective 
cytokines. Any form of a recombinant tissue protective cytokine capable of benefiting 
responsive cells is embraced in this aspect of the invendoiL 

20 In yet another embodiment, the invention provides methods for the use of the 

aforementioned recombinant tissue protective cytokine for restoring a dysfunctional cell, 
tissue or organ when administered after the onset of the disease or condition responsible for 
the dysfunction. By way of non-limiting example, methods for administration of a 
pharmaceutical composition comprising a recombinant tissue protective cytokine restores 

25 cognitive function in animals previously having brain trauma, even when administered long 
after {e.g., three days, five days, a week, a month, or longer) the trauma has subsided. 
Recombinant tissue protective cytokines and further modifications thereof are as herein 
above described. Any form of a recombinant tissue protective cytokine capable of 
benefiting responsive cells is embraced in this aspect of the invention. 

30 In still yet a further aspect of the present invention, methods are provided for 

£acilitating the transcytosis of a molecule across ain endothelial cell barrier in a mammal by 
administration of a composition of a molecule in association with an erythropoietin mutdn 
or a recombinant tissue protective cytokine as herein before described. 
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The association betweea the molecule to be transported and the recombinant tissue 
protective cytokine maybe, for example, a labile covalent bond, a stable covalentbond, or a 
noncovalent association with a binding site for flie molecule. Ihe recombinant tissue 
protective cytokine and apioteintobe tiansportedmay be expressed as a fiision 
5 polypeptide. Endothelial cell banieis may be the blood-brain barrier, the blood-heart 
barrier, the blood-kidney barrier, the blood-eye barrier, the blood-testis baniCT, the blood- 
ovaiy banier and the blood-placenta barrier. Suitable molecules for transport by the method 
of the present invention include hormones, such as gpjwth hormone, antibiotics, and anti- 
canco: agents. 

10 It is a further aspect of the present invention to provide a composition for facilitatmg. 

thetranscytosisof amolecule across an endothelial cell barrier inamammal, said 
composition comprising said molecule in association with a recombinant tissue protective 
cytokine such as is described above. 

hi a still further aspect of the present invention, any of the aforementioned 
15 recombinant tissuepiotective cytokines areuseful in preparing apharmaceutical 

composition for faciUtating the transcytosis of a molecule across an endothehal cell barrier 
in a mammal, said composition comprising said molecule in association with a recombinant 
tissue protective cytokine as described herein above. 

The association may be, for exanq)le, a labile covalent bond, a fusion polypeptide, a 
20 stable covalent bond, or anonoovalent association with abinding site for the molecule. 
EndotheUal cell barriers may be tixe blood-brain barrier, the blood-eye barrier, the blood- 
testes barrier, the blood-ovary barrier, and the blood-placenta barrier. Suitable molecules 
for transport by the method ofthe present invention include, for example, hormones, such as 
gtowthhormone, neurotrophic fectors, antfeiotics, antivirals, or antifimgals such as those 
25 normaUy excluded fiom the brain and other barriered organs, peptide radiopharmaceuticals, 
antisense drags, antibodies against biologicany-active agents, pharmaceuticals, dyes, 
markers, and anti-cancer agents 

These and other aspects of the present invention will be better appreciated by 
reference to the following Figures and Detailed Description. 



30 



4. BRIEF DESCMPTION OF THE FIGURES 
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Figure 1 shows the distribution of Q^thropoietin receptor in a normal human brain, 
in thin sections stained with an anti-erythropoi^ antibody. 

Figure 2 is a higher power magnification of the image in Figure 1 . 

Figure 3 shows, using gold-laibeled secondary antibodies, the ultramicroscopic 
5 distribution of erythropoietin receptors. 

Figure 4, prepared sunilarly to Figure 3, shows high density erythropoietin receptors 
at Ifae luminal and anti-luminal surfaces of hmnan brain c^illaries. 

Figure 5 depicts the translocation of parenterally-administered erythropoietin into 
the cerebrospinal fluid. 

10 Figure 6A and 6B indicates the results of the SK-N-SH neuroblastoma cell 

neuroprotection assay (against rotenone) for ^Tthropoietin as well as the recombinant tissue 
protective cytokioes with the K45D and SIOOB recombmant tissue protective cytokines. 
The y-axis on the graph indicates the absorbance readings, and the data are means ± range 
of duplicate deteiminations. The graph within Figure 6A clearly indicates that the viability 

IS of the cells within the K4SD and SIOOE samples maintained their viability demonstrating 
their cellular protective eflfect. Figure 6B shows the plasmid map of hEP0-6?cHisTag- 
PCiNeo. 

Figure 7 compares the in vitro efficacy of erythropoietin and asialoerythropoietin on 
the viability of serum-starved P19 cells. 

20 Figure 8 is another experiment which compares the in vitro efficacy of 

erythropoietin and asialoerythropoietin on the viability of serum-starved P 19 cells. 

Figure 9 shows protection of erythropoietin and asialoerythropoietin in a rat focal 
cerebral ischemia model. 

Figure 10 shows a dose response comparing the efficacy of human erythropoietin 
25 and human asialoerythropoietin in middle cerebral artery occlusion in a model of ischemic 
stroke. 

Figure 11 shows the activity of iodinated erythropoietin in the P19 assay. 
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5 Figure 12 shows the effect of biotmylated erythropoietin and asialoerytbropoiedn in 

the PI 9 assay. 

Figure 13 compares the in vitro eflBcacy of erythropoietin with phenylglyoxal- 
modified erythropoietin on the viability of serum-starved P19 cells- 
Figure 14 shows the effect of tissue protective cytokines in the water intoxication 

10 assay* 

Figure 1 5 shows the maintenance of the function of a heart prepared for 
transplantation by an erythropoietin. 

Figure 16 shows the protection of the myocardium from ischemic damage by 
erythropoietin after temporary vascular occlusion. 
15 Figure 17A, 17B, 17C, and 17D depicts the effects of a erythropoietin treatment m a 

rat glaucoma model. 

Figure 18 shows the extent of preservation of retinal function by an erythropoietin m 
the rat glaucoma model. 

Figure 19 depicts the restoration of cognitive function following brain trauma by 
20 administration of an erythropoietin starting five days after tmuma. 

Figure 20 depicts the restoration of cognitive function foUowmg brain trauma by 
adniinistration of an erythropoietin starting 30 days after trauma. 

Figure 21 depicts the efficacy of human asialoerythropoietin in a kainate model of 
cerebral toxicity. 

25 Figure 22 depicts the efficacy of tissue protective cytokines in a rat spinal cord injmy 

model. 

Figure 23 shows the efficacy of tissue protective cytokines within a rabbit spinal cord 
injury model. 

Figure 24A, 24B, and 24C shows a coronal section of the brain cortical layer stained 
30 by hematoxylin and eosin. 

Figure 25A, 25B, and 25C shows coronal sections of frontal cortex adjacent to the 
region of infarction stained by GFAP antibody. 

Figure 26A and 26B shows coronal sections of brain cortical layer stauied by OX-42 
antibody. 

35 Figure 27 A and 27B shows coronal sections of brain cortical layer adjacent to the 

region of infarction stained by OX-42 antibody. 

Figure 28 shows the efficacy of an erythropoietin against inflammation in an EA£ 

model 
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5 Figure 29 compares the afiects of dexamethasone and an erythropoietin on 

inflammation in the EAE model. 

Figure 30A and 30B shows (hat erythropoietin suppresses inflammation associated 
with neuronal death. 

Figure 31 shows that human erythropoietin and recombinant tissue protective 

10 cytokines Rl 30E and Rl 50E effectively reduce cell death induced by NMDA when added to 
the primary hippocampal neuron cell cultures prior to NMDA treatment. Cells treated with 
R103E (5 nM) exhibited significantly less cell death in comparison to vehicle control cells 
(p=0.01). Cells treated with R103E (5 nM) exhibited significantly less cell death in 
comparison to vehicle control cells (p=0,01). Cells treated with R150E (5 nM) exhibited 

15 approximately a 20% decrease in cell death in comparison to solvent control cells (p=0.001). 
Statistics: ANOVA plus Tukey*s post-hoc test. 

Figure 32 shows neuronal protection firom serum withdrawal in PI 9 cells. The 
percent of apaptotic cells decreased for cells pretreated with Epo, EpoWT, and recombinant 
tissue protective cytokine SIOOE. Cells treated with Epo exhibited approximately a 20% 

20 decrease in apoptotic cell death in comparison to untreated control cells. Cells treated with 
EpoWT and SIOOE both exhibited approximately a 10% decrease in apoptotic cell death in 
comparison to untreated control cells. 

Figure 33 A and 33B Show the effect of pre-incubation with SIOOE in differentiated 
PC12 cells submitted to NGF withdrawal in two independent experiments. Differentiated 

25 PC12 cells were pre-treated with SIOOE at the indicated concentrations for 24 h, Figure 33 A 
(3 pM) Figure 33B (0.00003 pM-3pM). Viability was measured in the MTT assay. NGF 
(100 ng/ml) was used as a positive control and NGF-firee medium (-NGF) as a negative 
control. Data presented in Figure 33 are presented as % viability of positive control (+NGF) 
(n=8 in both experiments). There is a statistically significant increase in viability of SIOOE 

30 treated cells compared to negative control cells (-NGF) by use of one-way ANOVA and 
Bonferroni post-hoc test. ***p<O.OOU *p<0.05. Theeffectsobserved with SIOOE were 
similar to those of Epo in this test system with respect to potency and efficacy. 

Figure 34 A, 34B, and 34C Shows the effect of pre-incubation with Epo in 
differentiated PC12 cells submitted to NGF withdrawal. Differentiated PCI 2 cells were pre- 

35 treated with Epo, SIOOE, or carbamylated Epo (30 pM-30 nM) for 24 h. The chemically 
modified Epo molecule, AA24496, has a 10000 times lower activity than EPO in the UT-7 
cell assay. Viability was measured in the MTT assay. NGF (100 ng/ml) was used as a 
positive control and NGF-firee medium (-NGF) as a negative control. 
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5 Figure 35 shows concentration-response curves of Epo, K45D and SIOOE in UT-7 

ceUs. Different concentrations of Epo, EpoWT, K45D and SIOOE were added to UT-? cells. 
Viability was measured 48 h later in the WST-1 assay. Data are mean ± SD of three different 
experiments each performed in duplicate. The curve is a non-linear regression curve fit. 
Figure 36 shows dose response curves of Epo, R103E and R150E in UT-7 cells. 

10 Different concentrations of Epo, EpoWT, R103E and R150E were added to UT-7 cells. 

Viability was measured 48 h later in the WST-1 assay. Data are mean ± SD of three different 
experiments each performed in duplicate. The curve is a non-linear regression curve fit. 

Figure 37 is a graph demonstrating the locomotor ratings of the rats recovering from 
the spinal cord trauma over a period of forty-two days. As can be seen from the graph, the 

15 rats that were given SIOOE recovered from the injury more readily and demonstrated better 
overall recovery from the injury than the control rats and rats administered 
methylprednisolone. 

Figure 38 shows the ratio of the latency of the injured eye over the latency the normal 
eye for the various treatment regimens. The rat treated with EPO exhibited a latency of 1 .2, 
20 which is better than the rat treated with saline. Each of the four recombinant tissue protective 
cytokines resulted m latency results equal to or better flian EPO with R103E, R150E, and 
SIOOE showing a statistical improvement over EPO. 
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The present invention relates to mutein recombinant tissue protective cytokines. In 
particular, the present invention provides compositions comprising isolated nucleic acid 
molecules encoding recombinant tissue protective cytokine muteins, as well as isolated 
and/or recombinant cells and vectors comprising the nucleic acid molecules. The invention 

5 ftirther encompasses isolated polypeptides of mutein recombinant tissue protective cytokine, 
lacking at least one erythropoietic activity selected fix)m the group consisting of increasing 
hematocrit, vasoactive action (vasoconstriction/vasodilatation), hyperactivating platelets, 
pro-coagulant activities and increasing production of thrombocytes, the cytokine having at 
least one responsive cellxilar protective activity selected firom the group consisting of 

10 protecting, maintaining, enhancing or restoring the function or viability of a responsive 
mammalian cell, tissue, or organ. The invention also encompasses methods for protecting, 
maintaining or enhancing the viability of a cell, tissue, or organ isolated from a mammalian 
body using the recombinant tissue protective cytokine muteins of the invention, and use of 
such muteins in treatment and prevention of diseases and conditions. 

1 5 **Responsi ve cell" refers to a mammalian cell whose function or viability may be 

maintained, promoted, enhanced, regenerated, or in any other way benefited, by exposure to 
an erythropoietin. Non-limiting examples of such cells include neuronal, retinal, muscle, 
heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal medulla, capillary 
endothelial, testes, ovary, pancreas, bone, skin, and endometrial cells, hi particular, 
20 responsive cells would include, without limitation, neuronal cells; Pmidnje cells; retinal 
cells: photoreceptor (rods and cones), ganglion, bipolar, horizontal, amacrine, andMUeller 
cells; muscle cells; heart cells: myocardium, pace maker, sinoatrial node, sinus node, and 
junction tissue cells (atrioventricular node and bundle of his); lung cells; hver cells: 
hepatocytes, stellate, and Kupffer cells; kidney cells: mesangial, renal epithelial, and tubular 
25 interstitial cells; small intestine cells: goblet, intestinal gland (crypts) and enteral endocrine 
cells; adrenal cortex cells: glomerulosa, fasciculate, and reticularis cells; adrenal medulla 
cells: chromafBn cells; capillary cells: pericyte cells; testes cells: Leydig, Sertoli, and sperm 
cells and their precursors; ovary cells: GrajBSan folhcle and primordial folhcle cells; 
pancreas cells: islets of Langerhans, oj-cells, j3-cells, -y-cells, and F-cells; bone cells: 
30 osteoprogenitors, osteoclasts, and osteoblasts; skin cells; endometrial cells: endometrial 
stroma and endometrial cells; as well as the stem and endothelial cells present in the above 
listed organs. Moreover, such responsive cells and the benefits provided thereto by a 
recombinant tissue protective cytokine may be extended to provide protection or 
enhancement indirectiy to other cells that are not directiy responsive, or of tissues or organs 
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which contain such non-responsive cells. These other cells, tissues, or organs which benefit 
indirectly ftom the enhancaneat of responsive cells present as part of the cells, tissue or 
organ as "associated" cells, tissues, and organs. Thus, benefits of a recombinant tissue 
protective cytokine as described herein may be provided as a result of the presence of a 
5 small number or proportion of responsive cells in a tissue or organ, for example, excitable 
or neuronal tissue present in such tissue, or the Leydig cells of the testis, which make 
testosterone. In one aspect, the responsive cell or its associated cells, tissues, or organs are 
not excitable cells, tissues, or organs, or do not predominantly comprise excitable cells or 
tissues. 

10 The methods of the invention provide for the local or systemic protection or 

enhancement of cells, tissues, and organs within a mammalian body, under a wide variety of 
normal and adverse conditions, or protection of ttiose which are destined for relocation to 
another mammalian body. In addition, restoration or regeneration of dysfimction is also 
provided. As mentioned above, the ability of an erythropoietin mutein or a recombinant 
15 tissue protective cytokine to cross a tight endothelial cell barrier and exert its positive 
effects on responsive cells (as well as other types of cells) distal to the vasculature offers 
the potential to prevent as well as treat a wide variety of conditions and diseases which 
otherwise cause significant cellular and tissue damage in an animal, including human 
beings, and moreover, permit success of heretofore untenable surgical procedures for which 
20 risk traditionally outweighed the benefits. The duration and degree of purposeful adverse 
conditions induced for ultimate benefit, such as high-dose chemotherapy, radiation therapy, 
prolonged ex vivo transplant survival, and prolonged periods of surgically-induced 
ischemia, may be carried out by taking advantage of the invention herein. However, the 
invention is not so limited, but includes as one aspect, methods or compositions wherein the 
25 target responsive cells are distal to the vasculature by virtue of an endothelial-cell barrier or 
endothelial tight junctions. In general, the invention is directed to any responsive cells and 
associated cells, tissues, and organs which may benefit from exposure to a recombinant 
tissue protective cytokine. Furthermore, cellular, tissue or organ dysfunction may be 
restored or regenerated after an acute adverse event (such as trauma) by exposure to a 
30 recombinant tissue protective cytokine. 

The invention is therefore dnected generally to the use of recombinant tissue 
protective cytoldnes for the prqjaration of pharmaceutical compositions for ttie 
aforementioned purposes in "vduch cellular function is maintained, promoted, enhanced. 
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regenerated, or in any other way benefited. The invaition is also directed to methods for 
maintaining, enhancing, promoting, or regenerating ceUular function by administering to a 
mammal an effective amount of a recombinant tissue protective cytokine as described 
herein. The invention is further directed to methods for maintaining, promoting, enhancing, 
5 or regenerating cellular function ex vivo by exposing a cell, a tissue or an organ to a 
recombinant tissue protective cytokine. The invention is also directed to a perfiisate 
composition comprising a recombinant tissue protective cytokine for use in organ or tissue 
preservation. 

The various methods of the invention utilize a pharmaceutical composition which at 
10 least includes a recombinant tissue protective cytokine at an effective amount for the 

particular route and duration of exposure to exert positive effects or benefits on responsive 
cells within or removed from a mammalian body. Where the target cell, tissues, or organs 
of tiie intended therapy require the recombinant tissue protective cytokine to cross an 
endothelial cell barrier, the pharaiaceutical composition includes the recombinant tissue 
1 5 protective cytokine at a concentration which is capable, after crossing tiie endotiieUal cell 
barrier, of exerting its desirable effects upon the responsive cells. Molecules capable of 
interacting with an erythropoietin receptor, and modulating ceUular protective activity 
within the cell are usefiil in the context of the present invention. 

5.1. NUCLEIC ACroS OF THE INVENTION 

20 A recombinant tissue protective cytokine comprising a nucleic acid molecule of the 

invention includes nucleic acids encoding tissue protective cytokines comprising an 
erythropoietin mutein lacking or exhibiting a decrease in at least one erythropoietic activity 
selected from the group conasting of increasing hematocrit, vasoactive action 
(vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant activities and 

25 mcreasing production of thrombocytes, the cytokine having at least one responsive cellular 
protective activity selected from the group consisting of protecting, maintaining, enhancing 
or restoring tiie fimction or viability of a responsive mammalian cell, tissue or organ. A 
tissue protective cytokine comprising a nucleic acid molecule of the invention includes 
nucleic acids encoding the erythropoietin mutein, with the activity described above, 

30 comprising one or more alt«:ed amino add residue between position 11-15 of SEQ ID 

NO:10 [SEQ ID N0:1], position 44-51 of SEQ ID NO 10 [SEQ ID N0:2], position 100-108 
of SEQ ID NO [SEQ ID N0:3], or position 146-15 1 of SEQ ID NO 10 [SEQ ID N0:4]. A 
tissue protective cytokme comprising a nucleic acid molecule of the invention includes 
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nucleic acids encoding tte erythropoietin mutein, with the activity described above, 
comprising an altered amino arid residue at one or more of the following positions of SEQ 
ID NO: 10: 7. 20, 21, 29, 33, 38, 42, 59, 63, 67, 70, 83, 96, 126, 142, 143, 152, 153, 155, 
156, or 161. A tissue protective cytokine comprising anucleic acid molecule of the 
5 invention includes nucleic acids encoding the erythropoietin mutein, with the activity 

described above, comprising the amino acid sequence of SEQ ID NO: 10 with one or more 
of Ihe following clianges: an alanine at residue 6 of SEQ ID NO: 10, an alanine at residue 7 
ofSEQIDNO: 10, a serine at residue 7 of SEQ ID NO: 10,anisoleucineatresiduel0of 
SEQ ID NO: 10, a serine at residue 11 of SEQ ID NO: 10, an alanine at residue 12 of SEQ 
10 ID NO: 10, an alanine at residue 13 of SEQ ID NO: 10, an alanine residue 14 of SEQ ID 
NO: 10, a glutamic acid at residue 14 of SEQ ID NO: 10, a ghitamine at residue 14 of SEQ 
ID NO: 10, an alanine at residue 15 of SEQ ID NO: 10, a phenylalanine at residue 15 of 
SEQ ID NO: 10, an isoleucine at residue 15 of SEQ ID NO: 10, a glutamic add at residue 
20 of SEQ ID NO: 10, an alanine at residue 20 of SEQ ID NO: 10, an alanine at residue 21 
15 ofSEQIDNO: 10, a lysine at residue 24 ofSEQIDNO: 10, a serine at residue 29 of SEQ 
ID NO: 10; a tyrosine at residue 29 of SEQ ID NO: 10, an asparagine at residue 30 of SEQ 
ID NO: 1 0, a threonine at residue 32 of SEQ ID NO: 10, a serine at residue 33 of SEQ ID 
NO: 10, a tyrosine at residue 33 of SEQ ID NO: 10, a lysine at residue 38 of SEQ ID NO: 
10, a lysine at residue 83 of SEQ ID NO: 10, an asparagine at residue 42 of SEQ ID NO: 10, 
20 an alanine at residue 42 of SEQ ID NO: 10, an alanine at residue 43, an isoleucine at residue 
44 of SEQ ID NO: 10, an aspartic acid at residue 45 of SEQ ID NO: 10, an alanioe at 
residue 45 of SEQ ID NO: 10, an alanine at residue 46 of SEQ ID NO: 10, an alanine at 
residue 47 of SEQ ID NO: 10, an isoleucine at residue 48 of SEQ ID NO: 10, an alanine at 
residue 48 of SEQ ID NO: 10, an alanine at residue 49 of SEQ ID NO: 10, a serine at 
25 residue 49 of SEQ ID NO: 10, a phenylalanine at residue 51 of SEQ ID NO: 10, an 

asparagine at residue 51 ofSEQIDNO: 10, an alanine at residue 52 of SEQ ID NO: 10, an 
asparagine at residue 59 of SEQ ID NO: 10, a threonine at residue 62 of SEQ ID NO: 10, a 
serine at residue 67 of SEQ ID NO: 10, an alanine at residue 70 of SEQ ID NO: 10, an 
arginineatresidue96ofSEQIDNO: 10, an alanine at residue 97 of SEQ DD NO: 10, an 
30 arginine at residue 100 of SEQ ID NO: 10, a glutamic acid at residue 100 of SEQ ID NO: 
10 of SEQ ID NO: 10, an alanine at residue 100, a threonine at residue 100 of SEQ ID NO: 
10, an alanine at residue 101 of SEQ ID NO: 10, an isoleucine at residue 101 of SEQ ID 
NO: 10, an alanine at residue 102 of SEQ ID NO: 10, an alanine at residue 103 of SEQ ID 
NO: 10, a ^utamic acid at residue 103 of SEQ ID NO: 10, an alanine at residue 104 of SEQ 
35 ID NO: 10, an isoleucine at residue 104 of SEQ ID NO: 10, an alanine at residue 105 of 
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SEQ ID NO: 10, an alanine at residue 106 of SEQ ID NO: 10, an isoleucine at residue 106 
of SEQ ID NO: 10, an alanine at residue 107 of SEQ ID NO: 10, a leucine at residue 107 of 
SEQ ID NO: 10, a lysine at residue 108 of SEQ ID NO: 10, an alanine at residue 108 of 
SEQ ID NO: 10, a serine at residue 108 of SEQ ID NO: 10, an alanine at residue 116 of 
5 SEQ ID NO: 10, an alanine at residue 126 of SEQ ID NO: 10, an alanine at residue 132 of 
SEQ ID NO: 10, an alanine at residue 133 of SEQ ID NO: 10, an alanine at residue 134 of 
SEQ ID NO: 10, an alanine at residue 140 of SEQ ID NO: 10, an isoleucine at residue 142 
of SEQ ID NO: 10, an alanine at residue 143 of SEQ ID NO: 10, an alanine at residue 146 
ofSEQIDNO: 10, a lysine at residue 147 of SEQ ID NO: 10, an alanine at residue 147 of 
10 SEQ ID NO: 10, a tyrosine at residue 148 of SEQ ID NO: 10, an alanine at residue 148 of 
SEQ ID NO: 10, an alanine at residue 149 of SEQ ID NO: 10, an alanine at residue 150 of 
SEQ ID NO: 10, a glutamic acid at residue 150 of SEQ ID NO: 10, an alanine at residue 
151 ofSEQIDNO: 10, au alanine at residue 152 ofSEQIDNO: 10, a tryptophan at 
residue 1 52 of SEQ ID NO: 10, an alanine at residue 153 of SEQ ID NO: 10, aa alanine at 
15 residue 154 of SEQ ID NO: 10, an alanine at residue 155 of SEQ ID NO: 10, an alanine at 
residue 158 of SEQ ID NO: 10, a serine at residue 160 of SEQ ID NO: 10, an alanine at 
residue 161 of SEQ ID NO: 10, or an alanine at residue 162 of SEQ ID NO: 10. 

The nucleic acid molecules of the invention further include nucleotide sequences 
that encode recombinant erythropoietin muteins having at least 30%, 35%, 40%, 45%, 50%, 
20 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or higher amino acid sequence 
identity to one of the erythropoietin muteins described above. To determine the percent 
identity of two amino acid sequences or of two nucleic acids encoding erythropoietin 
mutems, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 
introduced in tibie sequence of a first amino acid or nucleic acid sequence for optimal 
25 alignment with a second amino or nucleic acid sequence). The amino acid residues or 
nucleotides at conesponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by flie same amino acid 
residue or nucleotide as the conresponding position in the second sequence, then the 
molecules are identical at that position. The percent identity between the two sequences is a 
30 fimction of the number of identical positions shared by the sequences % identity == # of 
identical overl^ping positions/total # of overlapping positions x 100%). In one 
embodiment, the two sequences are the same length. 
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The nucleic acid molecules of the invention further include nucleotide sequences 
that encode recombinant erythropoietittmuteins wherein the erythropoietin encoding 
nucleic acid sequence that is altered by one or more of the substitutions, deletions, or 
modifications described above comprises at least 30%. 35%, 40%, 45%, 50%. 55%, 60%, 
5 65%, 70%, 75%. 80%, 85%, 90%, 95%, or 98% sequence identity to SEQ ID NO: 7. The 
nucleic add molecules of the invention also include nucleotide sequences that encode 
recombinant erythropoietin muteins wherein the erythropoietin encoding nucleic acid 
sequence that is altered by one or more of the substitutions, deletions, or modifications 
described above is a non-human erythropoietin encoding nucleic acid. 

10 The determination of percent identity between two sequences can also be 

accomplished using a mathematical algorithm. A preferred, non-limiting example of a 
mathematical algorithm utilized for the comparison of two sequences is the algorithm of 
KarUn and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as mKarlin 
and Altschul, 1993. Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algorithm is 
15 incorporated into the NBLAST and XBLAST programs of Altschul, et al., 1990, J. Mol. 
Biol. 215:403-410. BLA5T nucleotide searches can be performed with the NBLAST 
program, score = 100. wordlength = 12 to obtain nucleotide sequences homologous to a 
nucleic add molecule of the invention. BLAST protein searches can be performed with the 
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences homologous 
20 to aprotein molecule of the mvention. To obtain gapped alignments for comparison 
purposes. Gapped BLAST can be utiUzed as described in Altschul et al., 1997, Nucleic 
Acids ii6s.25;3389-340i2. Alternatively, PSI-Blast can be used to perform an iterated search 
which detects distant relationships between molecules (Altschul et al, 1997, supra). When 
utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the 
25 respective programs (e.g., XBLAST and NBLAST) canbe used (see 

http://www.ncbi.nhn.nih.gov). Another preferred, non-limiting example of a mathematical 
algorithm utilized for the comparison of sequences is the algorithm of Myers and Miller, 
1988, CABIOS 4:\l-Yl. Such an algorithm is mcorporated into the ALIGN program 
(version 2.0) which is part of the GCG sequence alignment software package. When 
30 utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight 
residue table, a length penalty of 12, and a gap penalty of 4 can be used. 
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The percent identity between two sequences can be determined usmg techniques 
similar to those described above, with or wittiout allowing gaps. In calculating percent 
identity, typically only exact matches are counted. 

The nucleic acid molecules of the invention further include: (a) any nucleotide 

5 sequence that hybridizes to an erythropoietin mutein or a recombinant tissue protective 
cytokine encoding nucleic acid molecule of the invention described above, under stringent 
conditions, eg., hybridization to filter-bound DNA in 6x sodium chloride/sodium citrate 
(SSC) at about 45''C followed by one or more washes m 0.2xSSC/0.l% SDS at about 50- 
65°C, or (b) under highly stringent conditions, eg., hybridization to filter-bound nucleic 

10 acid in 6xSSC at about followed by one or more washes in O.lx SSC/0.2% SDS at 
about 68°C, or under other hybridization conditions which are apparent to those of skill in 
the art (see, &>t example, Ausubel P.M. et al., eds., 1989, Current Protocols in Molecular 
Biology, Vol. I, Grem Publishing Associates, Inc., and John Wiley & sons, Inc., New York, 
at pp. 6.3,1-6.3.6 and 2.10,3). Preferably the encodmg erythropoietin mutein nucleic acid 

15 molecule that hybridizes under conditions described under (a) and (b), above, is one that 
comprises the complement of a nucleic add molecule that mcodes a erythropoietin mutein. 
hi a preferred embodiment, nucleic acid molecules that hybridize under conditions (a) and 
(b), above, encode protein products, eg., protein products functionally equivalent, Le. 
having one or more of the activities of erythropoietin described above, to an erythropoietin 

20 mutein. Preferably, the nucleic acids ofthe invention are human. 

The nucleic acid molecules of the invention further include the above nucleotide 
sequences that hybridize to a erythropoietin mutein or a recombinant tissue protective 
cytokine as described above and further lack or exhibit a decrease in at least one 
erythropoietic activity selected from the group consisting of increasing hematocrit, 

25 vasoactive action (vasoconstriction/vasodilatation), hyperactivating platelets, pro-coagulant 
activities and increasing production of thrombocytes, the cytokine or mutein comprising at 
least one responsive cellular protective activity selected from the group consisting of 
protecting, maintaining, enhancmg or restoring the fimction or viability of a responsive 
mammalian cell, tissue or organ. The decrease may be a slight diminishment or near lack of 

30 one of the erythropoietic activities. Such decreases can be measured by standard techniques 
known in the art (Gruber et al,, 2002, J. Biol Chem. 277(81):27581-27584; Page et al., 
1996, Cytokine 8(l):66-69; Park et al., 1997, Mol. Cells 7(6):699-704; Wolf et al., 1997, 
Thromb Haemost 78:1505-1509; and Dale et al., 2002, Nature 415:175-179. The UT-7 cell 
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assays described in Section 6.17 aie one, non-limitin& example of a technique to measuie 
decreased or dimiaushed erythropoietic activity. 

The nucleic acid molecules of the invention further comprise the complements of the 
nucleic acids described above. 

5 Fragments of the eryflnopoietin mutein nucleic acid molecules refer to 

erythropoietin mutein nucleic acid sequences described above that can be at least 10, 12, 15, 
20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1050, or 
more contiguous nucleotides in length. Alternatively, the fragments can comprise 
sequences that ©acode at least 10, 20, 30, 40, 50, 60, 70, 80 or more contiguous amino acid 

10 residues of the erythropoietin mutein. hi one embodiment, the erythropoietin mutein 

nucleic acid molecule encodes a gene product exhibiting at least one biological activity of a 
corresponding erythropoietin mutein. Fragments of the erythropoietin mutein nucleic acid 
molecules can also refer to portions of erythropoietin mutein coding regions that encode 
domains of, or mature erythropoietin mutein. 

1 5 Erythropoietin derived from other organisms may be used to create the 

erythropoietin muteins of the invention. With respect to the cloning of variants of the 
erythropoietin mutein or recombinant tissue protective cytokine nucleic acids and 
homologous and orfhologs from other species, the isolated erythropoietin nucleic acid 
sequences disclosed herein may be labeled and used to screen a cDNA library constructed 

20 from mRNA obtained from appropriate cells or tissues derived from the organism of 

interest. The hybridization conditions used should generally be of a lower stringency when 
the cDNA library is derived from an organism different from the type of organism from 
which the labeled sequence was derived, and can routinely be determined based on, e.g., 
relative relatedness of the target and reference organisms. 

25 Alternatively, the labeled fragment may be used to screen a genomic library derived 

from the organism of interest, again, using appropriately stringent conditions. Appropriate 
stringency conditions are well known to those of skill in the art as discussed above, and will 
vary predictably depending on the specific organisms from which the library and the labeled 
sequences are derived. For guidance regarding such conditions see, for example, 

30 Sambrook, et al, 1989, Molecular Cloning, A Laboratory Manual, Second Edition, Cold 
Spring Harbor Press, N.Y,; and Ausubel, et al, 1989-1999, Current Protocols in Molecular 
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Biology, Green Publishing Associates and Wiley Intersdeace, N.Y., botti of which are 
incorporated harein by referrace in their entirety. 

In a preferred embodiment, to make a recombinant tissue protective cytokine DNA 
can be amplified from genomic or cDNA (i.e. SEQ ID NO:7) by polymerase chain reaction 

5 (PGR) amplification using primers designed j&om the known sequence of a related or 
homologous recombinant tissue protective cytokine. PGR is used to amplify the desired 
sequence in DNA clone or a genomic or cDNA library, prior to selectiorL PGR can be 
carried out, e.g., by use of a thermal cycler and Taq polymerase (Gene Amp®). The 
polymerase chain reaction (PGR) is commonly used for obtaining genes or gene fragments 

10 of interest For example, a nucleotide sequence encoding a recombinant tissue protective 
cytokine of any desired length can be generated using PGR primers that flank the nucleotide 
sequence encoding open reading frame. Alternatively, a recombinant tissue protective 
cytokine gene sequence can be cleaved at appropriate sites with restriction endonuclease(s) 
if such sites are available, releasing a fragment of DNA encoding the recombinant tissue 

1 5 protective cytokine gene. If convenient restriction sites are not available, they may be 

created in the appropriate positions by site-directed mutagenesis and/or DNA amplification 
methods known in the art (see, for example, Shankar^pa et al., 1992, PGR Method Appl. 1: 
277-278). The DNA fi:agment that encodes the recombinant tissue protective cytokine is 
th^ isolated, and ligated into an appropriate expression vector, care being takssa to ensure 

20 that the proper translation reading frame is maintained. 

Any technique for mutagenesis known in the art can be used to modify individual 
nucleotides in a DNA sequence, for purpose of makrug amino acid substitution(s) in the 
expressed peptide sequence, or for creating/deleting restriction sites to facilitate further 
manipulations. Such techniques include but are not limited to, chemical mutagenesis, in 

25 vitro site-directed mutagenesis (Hutchinson et al., 1978, J. Biol. Ghem. 253: 6551), 

oUgonucleotide-directed mutagenesis (Smith, 1985, Aim. Rev. Genet. 19: 423-463; Hill et 
al., 1987, Methods Enzymol. 155: 558-568) and as described in section 6.3, PGR-based 
overlap extension (Ho et al., 1 989, Gene 77: 5 1-59), PGR-based megaprimer mutagenesis 
(Sarkar et al., 1990, Biotechniques 8: 404-407), etc. Modifications can be confirmed, e.g., 

30 by double-stranded dideoxynucleotide DNA sequencing. 

The invention also includes nucleic acid molecules, preferably DNA molecules, that 
are the complements of the nucleotide sequences of the preceding paragraphs. 
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In certain embodiments, the nucleic acid molecules of the invention are present as 
part of nucleic acid molecules comprising nucleic acid sequences that contain or encode 
heterologous (e,g., vector, ejcpression vector, or fusion protein) sequences. 

S.2. RECOMBINAjST TISSUE PROTECTIVE CYTOKINES OF THE 
5 INVENTION 

Recombinant tissue protective cytokines of the invention include erythropoietin 
muteins, that m^i^ffliTi partial or fiill erythropoietic activity. Erythropoietin is a 
glycoprotein hormone which in humans has a molecular weight of about 34 kDa. The 
mature protein comprises 165 amino acids, and the glycosyl residues comprise about 40% 
10 of the weight of the molecule. The forms of recombinant tissue protective cytokine useful 
in the practice of the present invention encompass at least a single amino acid change in 
naturally-occuiring, synthetic and recombinant forms of the following human and other 
Tpammalian erythropoietin-relatedmolecules: erythropoietin, asialoerythropoietin, 
deglycosylated erythropoietin, erythropoietin analogs, erythropoietin mimetics, 
1 5 erythropoietin fragments, hybrid erythropoietin molecules, erythropoietin receptor-binding 
molecules, erythropoietin agonists, renal erythropoietin, brain OTythropoietin, oligomers and 
multimers thereoi^ and congeners thereof. Such equivalent recombmant tissue protective 
cytokines include mutant erythropoietins, which may contain substitutions, deletions, 
including internal deletions, additions, including additions yielding fiision proteins, or 
20 conservative substitutions of amino acid residues within and/or adjacCTt to the amino acid 
sequence, but that result in a "silent" change, in that the change produces a functionally 
equivalent erythropoietin mutein or recombinant tissue protective cytokine. In a preferred 
embodiment, the recombinant tissue protective cytokine is nonerylhropoietic, i.e. lacking or 
exhibiting diminished erythropoietic activity. ConsOTvative amino acid substitutions may 
25 be made on the basis of shnilarity in polarity, charge, solubility, hydrophobicity, 

hydrophilicity, and/or the amphipafhic nature of the residues involved. For example, 
nonpolar (hydrophobic) amino acids include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan, and methionine; polar neutral amino acids include glycine, 
serine, threonine, cysteine, tyrosine, asparagine, and glutamine; positively charged (basic) 
30 amino acids include arginine, lysine, and histidine; and negatively charged (acidic) amino 
acids include aspartic acid and glutamic acid. Alternatively, non-conservative amino acid 
changes, and larger insertions and deletions may be used to create functionally altered 
recombinant tissue protective cytokines. Such mutants can be used to alter erythropoietin 
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properties in desirable ways. For example, in one embodiment, an erythropoietin useful for 
the practice of the invention can be a recombinant tissue protective cytokine altered in one 
or more amino acids within the four functional domains of wythropoietin which affect 
receptor binding: VLQRY (SEQ ID N0:1) and/or TKVNFYAW (SEQ ID NO:2) and/or 
5 SGLRSLTTL (SEQ JD N0:3) and/or SNFLRG (SEQ ID N0:4). In another embodiment, 
erythropoietins containing mutations in the surrounding areas of the molecule which affect 
the kinetics or receptor-binding properties of the molecule can be used Determining which 
alterations, or which positions in flie domains will effect binding can be accomplished using 
standard methods. For exanq)le, the domains may be altered by pair-wise alanine mutations 
10 (ala-scanniag mutagenesis) followed by measurement of binding kinetics of mutants to 

examine the effect on binding to areceptor (Bemat et aU 2003, PNAS 100:952-957; Wells 
etal, 1989, Science 244:1081-1085). 

The term "recombinant tissue protective cytokine" as well as "a recombinant tissue 
protective cytokine" may be used interchangeably or conjunctively, to encompass the 

15 recombinant tissue protective cytokines of the invention and further modifications thereof, 
such as deglycosylated, asialylated, and other partially glycosylated forms of the 
recombinant tissue protective cytokine, or chemical modifications of the amino acids. Non- 
limiting examples of such variants are described in Tsuda et aL, 1990, Eur, J. Biochem. 
188:405-41 1, incorporated herein by reference. Cytokines are highly flexible, and, in the 

20 case of human growth hormone it is known that flexibility is required for activation (W ells 
et aU 1989, Science 244:1081-1085). Thus, mutations that stabilize the three dimensional 
stmcture of a cytokine, preventing normal activation of the erythropoietin receptor are 
encompassed by the instant invention. In addition, a variety of host systems may be used 
for expression and production of recombinant tissue protective cytokines, including, but not 

25 limited to, bacteria, yeast, insect, plant, and mammalian, including human, cell systems. 
For example, recombinant erythropoietin produced in bacteria, which do not glycosylate, 
asialylate, or partially glycosylate the product, could be used to produce non-glycosylated 
forms of the recombinant tissue protective cytokine or may be further glycosylated using 
known methods in the art, such as, but not Umited to, those techniques disclosed in U.S. 

30 Patent Application Nos: US 2003/0040037 Al and US 2003/0003529 for use of 
fiicosylation to adjust glycosylation of proteins. Alternatively, recombinant tissue 
protective cytoldne can be produced in other systems capable of glycosylating expressed 
proteins, e.g,, plants, and including human cells. 
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As noted above, the invention herein embraces any and all erythropoietin receptor 
activity modulator molecules cqiable of exerting positive activity on responsive cells, 
regardless of any structural relationship of the molecule with erythropoietin. 

In addition, the recombinant tissue protective cytokine may be modified to tailor its 

5 activities for a specific tissue or tissues. Several non-limiting strategies which may be 
carried out to achieve this desired tissue specificity include modifications that shorten 
circulating half-life and thus reduce the time the recombinant tissue protective cytokine can 
interact with erythroid precursors, or modification of the primary structure of the 
erythropoietin mutein or recombinant tissue protective cytokine molecule. One approach to 

10 reducing circulating half life is to remove or modify the glycosylation moieties, of which 
erythropoietin has three N-linked and one 0-linked. Such variants of a glycosylated 
recombinant tissue protective cytokine can be produced in a number of ways. For example, 
techniques to modify the primary structure of erythropoietin to generate the tissue protective 
cytokines of the present invention are myriad and include substitution of one or more 

15 specific amino acids, i.e., by mutating the amino acids at the N-linked or 0-linked 

glycosylation sites and/or, chemical modification of one or more amino acids, or addition of 
other structures which interfere with the interaction of erythropoietin with any of its 
receptors. Use of such forms of recombinant tissue protective cytokines is fully embraced 
herein. The sialic acids which terminate the end of the sugar chains can be removed by 

20 specific sialidases depending on the chemical linkage coimecting the sialic acid to the sugar 
chain. Alternatively, the glycosylated structure can be dismantled in different ways by using 
other enzymes that cleave at specific linkages. In a preferred embodiment, the half-life of 
the non-erythropoietic recombinant tissue protective cytokine of the invention is reduced by 
about 90% from that of native erythropoietin. 

25 Some of these recombinant tissue protective cytokine molecules will nevertheless 

mimic the actions of erythropoietin itself in other tissues or organs. For example, a l7-mer 
containing the amino-acid sequ^ce of 31-47 of native erythropoietin is inactive for 
erythropoiesis but fully active for neural cells in vitro (Campana & O'Brien, 1998: Lit J. 
MoL Med. 1:235-41). 

30 Furthennore, derivative recombinant tissue protective cytokine molecules desirable 

for the uses described herein may be generated by guanidination, amidination, 
carbamylation (caibamoylation), trinitrophenylation, acylation such as acetylation or 
succinylation, nitration, or modification of arginine, aspartic acid, glutamic acid, lysine, 
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tyrosine, tryptophan, or cysteine residues or carboxyl groups, among other procedures, such 
as limited proteolysis, removal of amino groups, and/or mutational substitution of arginine, 
lysine, tyrosine, tryptophan, or cysteine residues by molecular biological techniques to 
produce erythropoietin muteins or recombinant tissue protective cytokines which maintMn 

5 an adequate level of activities for specific organs and tissues but not for others, such as 
erythrocytes Satake etal; 1990, Biochim. Biophys. Acta 1038:125-9; incorporated 
herein by reference in its entirety). One non-limiting example as described hereinbelow is 
the modification of erythropoietin arginine residues by reaction with a glyoxal such as 
phenylglyoxal (according to the protocol of Takahaahi, 1977, J. Biochem. 81:395-402). As 

10 will be seen below, such a recombinant tissue protective cytokme molecule fiilly retains the 
neurotrophic effect of erythropoietin. Such recombinant tissue protective cytokine 
molecules are fully embraced for the various uses and compositions described herein. In 
addition, these chemical modifications maybe further used to enhance the protective effects 
of the recombinant tissue protective cytokines or neutralize any changes in the charge of the 

1 5 molecule resulting from the amino acid mutation of the native erythropoietin. Such 

modifications are described in co-pending applications:, serial no. PCTAJSOl/49479, filed 
December 28, 2001; serial no. 09/753,132, filed December 29, 2000 and Attomey*s Dodcet 
No. KW0O-O09CO2-US, filed July 3, 2002, all of which are incorporated herein in their 
entireties. 

20 Synthetic and recombinant molecules, such as brain erythropoietin and renal 

erythropoietin, recombinant mammalian forms of erythropoietin, as well as its naturally- 
occurring, tumor-derived, and recombinant isoforms, such as recombinantiy-expressed 
molecules and those prepared by homologous recombination are provided herein. 
Furthermore, the present invention includes molecules including peptides which bind the 

25 erythropoietin receptor, as well as recombinant constructs or other molecules which possess 
part or all of the structural and/or biological properties of erythropoietui, including 
firagments and multimers of erythropoietin or its firagments. Erythropoietin muteins or other 
recombinant tissue protective cytokines which have additional or reduced numbers of 
glycosylation sites are included herein. As noted above, the terms "erythropoietin" and 

30 ''mimetics" as well as the other terms are used interchangeably herein to refer to the 

responsive cell protective and enhancing molecules related to erythropoietin as well as the 
molecules which are cs^able of crossing endothelial cell bamers. Furthermore, molecules 
produced by transgenic animals are also encompassed here. It should be noted that 
erythropoietin molecules as CTibraced herein do not necessarily resemble erythropoietin 
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Structurally or in any other maimer, except for ability to interact with the erythropoietin 
receptor or modulate eryfliropoietm receptor activity or activate eryfhropoietin-activated 
signaling cascades, as described herein. 

By way of non-limiting examples, forms of recombinant tissue protective cytokines 
5 useful for the practice of the present invention include recombinant tissue protective 

cytokines, such as those with altered amino acids at the carboxy terminus described in U.S. 
Patent 5,457,089 and in U.S. Patent 4,835,260; asialoerythropoietin and erythropoietin 
isofonns with various numbers of sialic acid residues per molecule, such as described in 
US. Patent 5,856,298; polypeptides described in U.S. Patent 4,703,008; agonists described 
10 in U.S. Pateiit 5,767,078; peptides which bind to the erythropoietin receptor as described in 
U.S. Patents 5,773,569 and 5,830,851; small-molecule mimetics which activate the 
erythropoietin receptor, as described in U.S. Patent 5,835,382; and erythropoietin analogs 
described in WO 9505465, WO 9718318, and WO 9818926. All of the aforementioned 
citations are incorporated herein to the extent that such disclosures refer to the various 
15 alternate forms or processes for preparing such forms of the recombinant tissue protective 
cytokines of the present invention. 

Erythropoietin can be obtained commercially, for example, under the trademarks of 
PROCRir, available from Orfho Biotech Inc., Raritan, NJ, and EPOGEN, available from 
Amgen, Inc., Thousand Oaks, CA. 

20 The activity (in units) of erythropoietin (EPO) and erytbropoietin-like molecules is 

traditionally defined based on its effectiveness in stimulating red cell production in rodent 
models (and as derived by intemational standards of erythropoietin). One unit (U) of 
regular erythropoietin (MW of - 30,000 to 34,000) is - 8 ng of protein (1 mg protein is 
approximately 125,000 U). However, as the effect on erythropoiesis is incidental to the 

25 desired activities herein and may not necessarily be a detectable property of certain of the 
recombinant tissue protective cytokines of the mvention, the definition of activity based on 
eryflttopoiesis is inappropriate. Thus, as used herem, the activity unit of erythropoietin or 
erythropoietin-related molecules is defined as tiie amount of protein required to elicit the 
same activity in neural or other responsive cellular systems as is elicited by WHO 

30 intemational standard erythropoietin hi the same system. The skilled artisan will readily 
detennine the units of a non-eryfhropoietic recombinant tissue protective cytokine or related 
molecule following the guidance herein. 
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The recombinant tissue protective cytokine muteins include, but are not limited to, 
those piotdns and polypeptides encoded by the erythropoietin nucleic add sequences 
described in Section 6.3. The invention encompasses muteins that are functionally 
equivalent to the erythropoietin gene product described in Section 6.3. Such erythropoietin 

5 gene products may contain one or more deletions, additions or substitutions of 
erythropoietin amino acid residues within the amino acid sequence encoded by an 
erythropoietin nucleic add sequence, but which result in a silent change, thus producing a 
functionally equivalent erythropoietin gene product Amino acid substitutions may be made 
on the basis of similarity m polarity, charge, solubility, hydrophobicity, hydrophilicity, 

10 and/or the amphipathic nature of the residues involved. 

The recombinant tissue protective cytokine muteins of the invention can be 
generated by mutagenesis, e.g., discrete point mutation or truncation. A recombinant tissue 
protective cytokine mutein of the invention retains the cellular protective biological 
activities of the naturally occurring form, but may lack one or more of the erythropoietic 
15 activities of the naturally occurring form of flie protein. Thus, specific biological effects 
can be elicited by addition of a mutein of limited functiort 

Modification of the structure of the recombioant tissue protective cytokine muteins 
can be for such purposes as enhancing ef&cacy, stability, or post-translational modifications 
(e.g., to alter tiie phosphorylation pattern of the muteins). Such modified recombinant tissue 
20 protective cytokine muteins, when designed to retain at least one cellular protective activity 
of the naturally-occurring form of the protein," or to produce spedfic antagonists thereof, are 
considered fimctional equivalents of the recombinant tissue protective cytokine muteins. 
Such modified recombinant tissue protective cytokine muteins can be produced, for 
instance, by amino acid substitution, deletion, or addition. 

25 For example, it is reasonable to eicpect that an isolated replacement of a leucine with 

an isoleucine or valine, an aspartate with a glutamate, a threonine with a serine, or a similar 
replacement of an ammo acid with a structurally related amino acid (i.e. isosteric and/or 
isoelectric mutations) will not have a major effect on the biological activity of the resulting 
molecule. 

30 Whether a change in the amino acid sequence of a recombinant tissue protective 

cytokine mutem results in a functional homolog, or non-functional homolog (i.e. lacking 
one or more of the activities of the non-mutated cytokine), can be readily detemained by 
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assessing the abiUty of the variant mutein to produce a response in ceUs in a feshion similar 
to the wfld-type cytokine, or competitively inhibit such a response. Recombinant tissue 
protective cytokine muteins in which more than one replacement has taken place can readily 
be tested in the same manner. 

5 Muteins of the invention exhibiting altered fimction can be identified by screening 

combinatorial libraries of mutants, e.g., truncation mutants, of flie recombinant tissue 
protective cytokine of the invention for desired activity or lack thereof. In one embodiment, 
a variegated library of variants is generated by combinatorial mutagenesis at the nucleic 
acid level and is encoded by a variegated gene library. A variegated Ubrary of variants can 

10 be produced by, for example, enzymatically ligating a mixture of synthetic oligonucleotides 
into nucleic acid sequences such that a degenerate set of potential protein sequences is 
expressible as individual polypeptides, or alternatively, as a set of larger fusion proteins 
(e.g., for phage display). There are a variety of methods which can be used to produce 
libraries of potential variants of the recombinant tissue protective cytokines of the invention 

15 from a degenerate oligonucleotide sequence. Methods for synthesizing degenerate 

oUgonucleotides are known in the art (see, e.g., Narang, 1983, Tetrahedron 39:3; Itakura ct 
al, 1984, Annu. Rev. Biochem, 53:323; Itakura et al., 1984, Science 198:1056; Ike et aL, 
1983, Nucleic Acid Res. 1 1 All). 

la addition, libraries of fragments of the coding sequence of a recombinant tissue 
20 protective cytokines of the invention can be used to generate a variegated population of 
recombinant tissue protective cytokines for screening and subsequent selection of muteins. 
For example, a library of coding sequence fragments can be generated by treating a double 
stranded PGR fragment of the coding sequence of interest with a nuclease under conditions 
wherein nicking occurs only about once per molecule, denaturing the double stranded DNA, 
25 lenatuiing tiie DNA to form double stranded DNA which can include sense/antisense pairs 
from different nicked products, removing single stranded portions from refonmed duplexes 
by treatment with SI nuclease, and ligatmg the resulting fragment library into an expression 
vector. By this mefliod, an e3q)ression library can be derived which encodes N-termmal and 
internal fragments of various sizes of the recombmant tissue protective cytokme muteins of 
30 interest 

Several techniques are known in the art for screening gene products of combinatorial 
libraries made by pomt mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. The most widely used techniques, which are amenable 
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to high through put analysis, for screening large gene libraries t^ically include cloning the 
gene library into replicable expression vectors, transforming appropriate cells with the 
resulting library of vectors, and expressing the combinatorial genes under conditions in 
which detection of a desired activity fiualitates isolation of the vector encoding the gene 
5 whose product was detected. Recursive ensemble mutagenesis (REM), a technique which 
enhances ttie frequency of fimctional mutants in the libraries, can be used in combination 
with the screening assays to identify muteins of a recombinant tissue protective cytokine of 
the invention (Arkin and Youivan, 1992, Proc. Natl. AcaA Sci. USA 89:7811-7815; 
Delgrave et al,, 1993, Protein Engineering 6(3):327-331). 

10 An isolated nucleic acid molecule encoding a mutein caa be created by introducing 

one or more nucleotide substitutions, additions or deletions into the erythropoietin 
nucleotide sequence, such that one or more amino acid substitutions, additions or deletions 
are introduced into the encoded recombinant tissue protective cytokine. Mutations can be 
introduced by standard techniques, such as site-directed mutagenesis and PCR-mediated 

15 mutagenesis. Briefly, PCJR primers are designed that delete the trinucleotide codon of the 
amino acid to be changed and replace it with fhe trinucleotide codon of the amino acid to be 
included. This primer is used in the PGR amplification of DNA encoding the recombinant 
tissue protective cytokine of interest. This fragment is then isolated and inserted into the 
full length cDNA encoding the tissue protective cytokine of int^est and expressed 

20 recombinantly . The resulting recombinant tissue protective cytokine now includes the 
amino acid replacement. 

Either conservative or non-conservative amino acid substitutions can be made at one 
or more amino acid residues. Both conservative and non-conservative substitutions can be 
made. Conservative replacements are those that take place within a family of amino acids 

25 that are related in their side chains. Genetically encoded amino acids can be divided into 
four families: (1) acidic = aspartate, glutamate; (2) basic = lysine, arginine, histidine; (3) 
nonpolar = alanine, vaUne, leucine, isoleucine, proline, phenylalanine, methionine, 
tryptophan; and (4) uncharged polar = glycine, asparagiae, glutamine, cysteine, serine, 
threonine, tyrosine. In similar fashion, the amino acid rqjertoire can be grouped as (1) 

30 acidic = aspartate, glutamate; (2) basic = lysine, arginine histidine, (3) aliphatic - glycine, 
alanine, valine, leucine, isoleucine, serine, threonine, with serine and threonine optionally 
be grouped separately as aJiphatic-hydroxyl; (4) aromatic = phenylalanine, tyrosine, 
tryptophan; (5) amide = asparagine, glutamine; and (6) sulfur -containing ~ cysteine and 
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meltionine. (See, for example. Biochemistry, 4th cd.. Ed. by L. Stryer, WH Freeman and 
Co.: 1995). 

Alternatively, mutations can be introduced randomly along all or part of the coding 
sequence of a recombinant tissue protective cytokine, such as by saturation mutagenesis, 
5 and the resultant mutants can be screened for biological activity to identify mutants that 
retain activity. FoUowing mutagenesis, the encoded protein can be expressed recombinantly 
and the activity of the recombinant tissue protective cytokine can be determined. 

Further to the above-mentioned erythropoietin modifications useful herein, the 
following discussion e3q)ands on the various recombinant tissue protective cytokines of the 

10 invention. As described m Elliott et al., Boissel et al, and Wen et al., mentioned above, the 
fbllowing erythropoietin muteins ate useful for the purposes described hwdn, and may be 
provided in a pharmaceutical composition for tiie methods herem. In the mutein 
nomenclature used througjiout herdn, Ihe changed amino acid is dq)icted with the native 
amino acid's one-lettrar code first, followed by its position in the eryftBopoietm molecule, 

15 followed by the replacement amino acid one-letter code. For example, "human 

erythropoietin SIOOE" or "recombinant tisue protectiv cytokine SIOOE" refers to a human 
erythropoietin molecule in which amino acid 100, a serine has been changed to glutamic 
acid. Such muteins useful for the practice of the present invention include but are not 
lunited to human erythropoietin with at least one of flie following amino acid changes: 

20 I6A,C7A,C7S, 

RIOI. VllS, L12A, E13A, R14A, RUE, R14Q, Y15A, Y15F, Y15I, 

K20E,K20A, 

E21A, 

N24K, C29S, C29Y, A30N, H32T, 
25 C33S,C33Y,N38K,N83K, 
P42N, 

P42A, D43A, T44I, K45D, K45A, V46A, N47A, F48I, F48A, Y49A, Y49S, 44-49 deletion, 
W51F,W51N,K52A, 
Q59N, 
30 E62T, 
L67S, 
L70A, 

D96R,K97A 
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SIOOR, SIOOE, SIOOA, SIOOT, GIOIA, GIOII, L102A, R103A, R103E, S104A, S104I, 
L105A, T106A, T106I. T107A, T107L, L108K, L108A, L108S, 
K116A, 
S126A, 
5 T132A, 

I133A,T134A, 
K140A, 
F142I, 
R143A, 

10 S146A, N147K, N147A, F148Y, P148A, L149A, R150A, R150E, G151A, 
K152A,K152W, 
L153A, 
K154A, 

L155A,G158A, 
15 C160S, C161A, or R162A. 

la preferred atnbodimaits, an erythropoietin mutein or a recombinant tissue 
protective cytoldne of the invention comprises one or more of the above substitations. In 
other embodiments, ^ythropoietin mutein (x another reccnnbinaat tissue protective cytokine 
20 of the iuveoition comprises one of ttie above substitutions or a combination fliereof. 

< 

In an alternative embodiment, the recombinant tissue protective cytokines, 
pharmaceutical compositions, use, and treatment methods of the invention comprise one or 
more of the above substitutions with the proviso that they do not comprise one or more of 
the following substitutions: I6A. C7A, K20A, P42A, D43 A, K45D, K45 A, F48A, Y49A 

25 K52A, K49A, SIOOE, R103A, K116A, T132A, I133A, K140A, N147K, N147A, R150A, 
R150E, G151 A, K152A, K154A, G158A, C161A, or R162A. In a related embodiment of 
the invention, the recombinant tissue protective cytokines, pharmaceutical compositions, 
use, and treatment methods of the invention comprise one or more of the above substitutions 
with the proviso that they do not comprise any of the following combinations of 

30 substihitions: N24K/N38K/N83K or A30N/H32T. 

In certain embodiments, more than one of the amino acid changes above can be 
combined to make a mutein. Examples of such combinations include, but are not limited to: 
K45D/S100E, A30N/H32T, K45DyR150E, R103E/L108S, K140AyK52A, 
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K140A/K52A/K45A, K97A/K:152A, YiBlA/KlSlPJKASK Yi91 MKlSlklYJ^SArSLSlK 
K97AyK152A/K45A/K52A/K140A, K97A/K152AyK45A/K52AyK140A/K154A, 
N24K/N38K/N83K, and N24KA^15A. In certain embodiments, the recombinant tissue 
protective cytokine mutein of the invention does not comprise one or more of the above 

S multiple substitutions. In certain embodiments the pharmaceutical compositions of the 
invention comprising the recombinant tissue protective cytokine mutdn of liie invention do 
not comi>rise one or more of the above multiple substitutions. In certain embodiments the 
use and treatment methods of the invention which utilize the recombinant tissue protective 
cytokine mutein of the invention do not comprise one or more of the above multiple 

10 substitutions. 

Certain modifications or combinations of modifications can effect the flexibility of a 
erythropoietin muteins effecting binding to a receptor, such as the erythropoietin receptor or 
a secondary receptor to which erythropoietin or an erythropoietin mutein binds. Examples 
of such modifications or combinations thereof useful in the compositions and methods of 

15 the invention, include, but are not Umited to, K152W, R14A/Y15A, I6A, C7A, D43A, 
P42A, F48A, Y49A, T132A, I133A, T134A, N147A, P148A, R150A, G151A, G158A, 
C161A, and R162A. Corresponding mutations are known to be detrimental in human 
growth hormone (Wells et al.). In certain embodiments, the recombinant tissue protective 
cytokine mutein of the invention does not comprise one or more of the above substitutions. 

20 In certain embodiments the pharmaceutical compositions of the invention comprising the 
recombinant tissue protective cytokine mutein of the invention do not comprise one or more 
of the above substitutions. In certain embodiments the use and treatment methods of the 
invention which utilize the recombmant tissue protective cytokine mutein of the invention 
do not comprise one or more of the above substitutions. 

25 In addition to one of the foregoiog amino acid modifications, a recombinant tissue 

protective cytokine of the invaition may also have at least no sialic acid moieties, referred 
to as an asialoerythropoietin mutein. Preferably, an asialoerythropoietin mutein of the 
invention is human asialoerythropoietin. In alternative embodiments, the recombinant 
tissue protective cytokine of the invention may have at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 

30 12, or 13 sialic acid residues. It may be prepared by desialylating a recombinant tissue 
protective cytokine using a sialidase, such as is described in the manufacture's packaging 
for Sialydase A firom ProZyme Inc., San Leandro, California Typically, PROZYME® 
GLYCOPRO® sequencing-grade SIALYDASE A™ (N-acetyhieuraminate glycohydrolase, 
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EC 32.1:18) is used to cleave all non-reducing tenninal sialic acid residues from complex 
carbohydrates and glycopxotdns such as erythropoietin. It will also cleave branched sialic 
acids (linked to an internal residue). Sialydase A is isolated from a clone of Arthrobacter 
urea&ciens. 

5 A non-limiting example of sialylation of a glycopeptide is found in U.S. Patent 

Application No. US 2003/0040037, which discloses methods of sialylation using 
mammalian or bacterial sialytransferases. Another non-limiting example of methods for 
sialylation and alteration of sialylation patterns on glycoproteios is found inU. S. Patent 
Application No. US 2002/0160460 Al and in US 6,399,336 Bl. Therein, in vitro methods 

10 for sialylating recombinant glycoproteins are disclosed where a sialic acid donor moiety is 
combined with a glycoprotein haviag a galactose or N-acetylgalactosamine acceptor moiety. 
In such methods a sialyltransferase combined with the acceptor and donor attached a siaUc 
acid to a saccharide. 

A recombiaant tissue protective cytokine of the invention may have at least a 
15 reduced number of N-Unked carbohydrates. To remove N-linked carbohydrates, a 

recombinant tissue protective cytokine may be treated with hydrazine, in accordance, for 
example, with the methods described by Hennentin et al, 1996, Glycobiology 6(2):217-30. 
As noted above, erythropoietin has three N-Unked carbohydrate moieties; the present 
invention embraces those erythropoietins with two, one, or no N-lioked carbohydrate. 

20 A recombinant tissue protective cytokine of ttie invention may have at least a 

reduced carbohydrate content by virtue of treatment of a recombiDant tissue protective 
cytokine with at least one glycosidase. For example, the procedure of Chen and 
Evangelista, 1998, Electrophoresis 19(15):2639-44, maybe followed. Furthermore, 
removal of the O-linked carbohydrate may be achieved following the methods described in 

25 Hokke et al, 1995, Eur. J. jBfecAew.228(3):98 1-1008. 

The carbohydrate portion of a recombinant tissue protective cytokine molecule may 
have at least a non-mammalian glycosylation pattern by virtue of the expression of a 
recombinant erythropoietin mutein in non-mammalian cells. Preferably, the recombinant 
tissue protective cytokines of the invention are expressed in insect or plant cells. By way of 
30 non-limiting example, expression of a recombinant tissue protective cytokine in insect cells 
using a baculovirus expression system maybe carried out in accordance with Quelle et al., 
1989, Blood 74(2):652-657. Another method is described in U.S. Patent 5,637,477. 
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Expression in a plant system may be carried out in accordance with ttie method of 
Matsumoto et al, 1993, Biosci. Biotech. Biochem. 57(8):1249-1252. Alternatively, 
expression in bacteria will result in non-glycosylated forms of a recombuiant tissue 
protective cytokine. These are merely exenq>lary of methods useM for the production of a 
5 recombinant tissue protective cytokine of the invention and are in no way limiting, 

A non-limiting example of modification of glycosylation patterns is using 
fucosylation as disclosed in U.S. Patent Application No. US 2003/0040037 Al and m U.S. 
Patent Application No, US2003/0003529 Al. Therein, methods are disclosed for modifying 
a glycosylation pattern of a glycopeptide by contacting a glycopeptide having an acceptor 
1 0 moiety for a fucosyltransferase with a reaction mixture having a fucose donor moiety to 
modify the glycosylation pattern of the glycopeptide. Methods are also disclosed for 
modification of glycosylation patterns using recombmant glycopq)tide. 

A recombinant tissue protective cytokine of the invention may have at least one or 
more oTcidized carbohydrates that also may be chemically reduced. For example, the 

1 5 recombinant tissue protective cytokine may be a periodate-oxidized erythropoietin mutein; 
the periodate-oxidized erythropoietin mutein also may be chemically reduced with a 
borohydride salt such as sodium borohydride or sodium cyanoborohydride. Periodate 
oxidation of erythropoietin mutein may be carried out, for example, by the methods 
described by Linsley et al, 1994, Anal Biochem. 219(2):207-17. Chemical reduction 

20 following periodate oxidation may be carried out following the methods of ToneUi and 
Meints, 1978, J. SvpramoX. Struct 8(l):67-78, 

It should be noted tiiat certain of the aforementioned and following amino acid 
modifications to a native erythropoietin may not be possible as the particular target amino 
acid for chemical modification in the native molecule has been altered to form the 
25 recombinant tissue protective cytokine of the invention. Of course, the altered amino acid 
may be subject to chanical modification in its own riglht, and the present invention 
embraces all such molecules. One of skill m the art will readily determine the available 
amino acid residues of a recombinant tissue protective cytokine of the invention and 
modification(s) available thereto. 

30 A recombinant tissue protective cytokine for the aforementioned uses may have at 

least one or more modified arginine residues. For example, the recombinant tissue 
protective cytokine may comprise a R-glyoxal moiety on the one or more arginine residues. 
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where R may be an aryl, hetaroaryl, lower alkyl, lower alkoxy, or cycloalkyl group, or an 
alpha-deoxyglycitolyl group. As used herein, the term lower "alkyl" means a straigiht- or 
hranched-chain saturated aliphatic hydrocarbon group preferably containing 1-6 carbon 
atoms. Representative of such groups are methyl, ethyl, isopropyl, isobutyl, butyl, pentj4, 

5 hexyl and the like. The term "alkoxy" means a lower alkyl groiqp as defined above attached 
to the remainder of the molecule by oxygen. Examples of alkoxy include metiioxy, ettioxy, 
propoxy, isopropoxy and the like. The term "cycloalkyl" refers to cycUc alkyl groups with 
three up to about 8 carbons, including for example cyclopropyl, cyclobutyl, cyclohexyl and 
the like. The term aryl refers to phenyl and naphfhyl groups. The term heteroaryl refers to 

1 0 heterocyclic groups containing 4-10 ring members and 1-3 heteroatoms selected from the 
group consisting of oxygen, nitrogen and sulfur. Examples include but are not limited to 
isoxazolyl phenylisoxazolyl, furyl, pyrimidinyl, quinolyl, tetrahydroqumolyl, pyridyl, 
imidazolyi, pyrroUdinyl, 1,2,4-triazoyIyl, thiazolyl, thienyl, and the like. The R group may 
be substituted, as for example the 2,3,4-trihydroxybutyl group of 3-deoxyglucosone. 

1 5 Typical examples of R-glyoxal compounds are glyoxal, methylglyoxal, 3-deoxyglucosone, 
and phenylglyoxal. Preferred R-glyoxal compounds are methylglyoxal or phenylglyoxal. 
An exemplary method for such modification may be found in Werber et al., 1975, Isr. J . 
Med. Sci. 11(11): 1169-70, using phenylglyoxal. 

In a further example, at least one argmine residue may be modified by reaction with 
20 a vicinal diketone such as 2,3-butanedione or cyclohexanedione, preferably in ca. 50 
millimolar borate buffer at pH 8-9. A procedure for the latter modification with 2,3- 
butanedione may be carried out in accordance with Riordan, 1973, Biochemistry 12(20): 
3915-3923; and that with cyclohexanone according to Patthy et al, 1975, J. Biol. Chem 
250(2): 565-9. 

25 A recombinant tissue protective cytokine of the invention may comprise at least one 

or more modified lysine residues or a modification of the N-tenninal amino group of the 
erythropoietin molecule, such modifications as those resulting fix>m reaction of the lysine 
residue with an amino-group-modifying agent. In another embodiment, lysine residues may 
be modified by reaction with glyoxal derivatives, such as reaction with glyoxal, 

30 methylglyoxal and 3-deoxyglucosone to form alpha-caiboxyalkyl derivatives. Examples 
are reaction with glyoxal to form carboxymethyllysine as in Glomb and Monnier, 1995, J. 
Biol. Chem. 270(17):10017-26, or with methylglyoxal to form (l-carboxyethyl)lysine as in 
Degenhardt et al, 1998, CeU. Mol. Biol. (Noisy-le-grand) 44(7): 1 139-45. The modified 
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lysine residue fiurttier may be chemically reduced. For example, a recombinant tissue 
protective cytokine may be biotinylated via lysine groups, in wMch D-biotinoyl-e- 
aminocaproic acid-N-hydroxysuccinimide ester was reacted with erythropoietin, followed 
by removal of unreacted biotin by gel filtration on a Centricon 10 column, as described by 
5 Wojchowski and Caslake, 1989, Blood 74(3):952.8. In this paper, the authors use three 
different methods of biotinylating erythropoietin, any of which may be used for the 
preparation of the erythropoietins for the uses hereiiL Biotin may be added to (1) the sialic 
acid moieties (2) caiboxylate groups or (3) amino groups. 

In another preferred embodiment, the lysine may be reacted with an aldehyde or 
10 reducing sugar to form an imine, which may be stabilized by reduction as with sodium 
cyanobotohydride to form an N^alkylated lysine such as glucitolyl lysine, or which in tiie 
case of reducing sugars may be stabilized by Amadori or Heyns rearrangement to form an 
alpha-deoxy alpha-amino sugar such as alpha-deoxy-alpha-fructosyllysine. As an example, 
preparation of a jfructosyllysine-modified protein by incubation with 0.5 M glucose in 
15 sodium phosphate buffer at pH 7.4 for 60 days is described by Makita et al, 1992, J . Biol. 
Chem, 267:5133-5138. In another example, the lysine group may be carbamylated, such as 
by virtue of reaction with cyanate ion, or alkyl- or aryl-carbamylated or -thiocarbamylated 
with an alkyl- or aryl-isocyanate or -isothiocyanate, or it may be acylated by a reactive 
alkyl- or arylcarboxylic acid derivative, such as by reaction with acetic anhydride or 
20 succinic anhydride or phthalic anhydride. Exemplary are the modification of lysine groups 
with 4-sulfophenylisothiocyanate or with acetic anhydride, both as described in Gao et ai, 
1994, Proc Natl Acad Sci USA 91(25):12027-30. Lysine groups may also be trinitrophenyl 
modified by reaction with trinitrobenzenesulfonic acid or preferably its salts. 

At least one tyrosine residue of a recombinant tissue protective cytokine may be 
25 modified in an aromatic ring position by an electrophilic reagent, such as by nitration or 
iodination. By way of non-Umiting example, erythropoietin may be reacted with 
tetranitromethane (Nestler et al, 1985, J. Biol. Chem, 260(12):7316-21; or iodinated as 
described in Example 4. 

At least an aspartic acid or a glutamic acid residue of a recombinant tissue protective 
30 cytokine may be modified, such as by reaction with a cafbodihmde followed by reaction 
with an annne such as but not limited to glycinamide. 
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In another example, a tryptophan residue of a recombinant tissue protective cytokine 
may be modified, such as by reaction with n-hromosuccinimide or n-chlorosuccinimide, 
following methods such as described in Josse et aL, Chem Biol Interact 1999 May 14;119- 
120. 

5 In yet another example, a recombinant tissue protective cytokine may be prepared by 

removing at least one amino group, such may be achieved by reaction with ninhydrin 
followed by reduction of the subsequent carbonyl group by reaction with borohydride. 

In still a further example, a recombinant tissue protective cytokine is provided that 
has at least an opening of at least one of the cystdne linkages in the erythropoietin molecule 

10 by reaction with a reducing agent such as dithiothreitol, followed by reaction of the 
subsequent sulfhydryls with iodoacetamide, iodoacetic acid or another electrophile to 
prevent reformation of the disulfide linkages. As noted above, alternatively or in 
combination, disulfide linkages may be abolished by altering a cysteine molecule that 
participates in the actual cross-Unk or at least one other amino acid residue that results in the 

15 inability of the erythropoietin mutein to form at least one of the disulfide linkages present in 
the native molecule. 

A recombinant tissue protective cytoldne maybe prepared by subjecting an 
erythropoietin to a limited chemical proteolysis that targets specific residues, for example, 
to cleave after tryptophan residues. Such resulting recombinant tissue protective cytokine 
20 firagments are embraced herem- 

As noted above, a recombinant tissue protective cytokine usefiil for the purposes 
herein may have at least one of the aforementioned modifications, but may have more than 
one of the above modifications. By way of example of a recombinant tissue protective 
cytokine with one modification to the carbohydrate portion of the molecule and one 
25 modification to the amino acid portion, a recombinant tissue protective cytokine may be 
asialoerythropoietin and have its lysine residue at position 45 changed to aspartic acid. 

Thus, various recombinant tissue protective cytokine molecules and pharmaceutical 
compositions contaimng them for the uses described herein are embraced. As mentioned 
above, such erythropoietin molecules include but are not limited to muteins that are fiuilier 
30 asialoerythropoietin, N-deglycosylated erythropoietin, 0-deglycosylated erythropoietin, 
erythropoietin with reduced carbohydrate content, erythropoietin with altered glycosylation 
patterns, erythropoietin with carbohydrates oxidized then reduced, aryiglyoxal-modified 
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eryfliropoietm. alkylglyoxal-modified erythropoietin, 2,3-butanedione-modified 
erythropoietm, cyclohexaaedione-modified erythropoietin, biotinylated erythropoietin, N- 
alkylated-lysyl-erythiopoietin, gludtolyl lysine erythropoietin, alpha-deoxy-alpha- 
ftuctosyUysine-erythropoietin, carbamylated erythropoietin, acetjdated erythropoietin, 
5 succinylated eiythropoietin, alpha-caiboxyalkyl erythropoietin, nitrated erythropoietin, 
iodinated erythropoietin, to name some rqwesentative yet non-limiting examples based on 
the teachings herein. Preferred are the aforementioned modified forms based on hinnan 
erythropoietiiL 

Moreover, the invention encompasses the aforementioned recombinant tissue 
10 protective cytokines, and pharmaceutical compositions comprising such compounds. By 
way of non-limiting example, such recombinant tissue protective cytokines include 
periodate-oxidized erythropoietin mutein, glucitolyl lysine erythropoietin mutein, ftuctosyl 
lysine erythropoietin mutein. 3-deoxyglucosone erythropoietin mutein, and carbamylated 
asialoerythropoietin mutein. 



15 5.3. EXPRESSION SYSTEMS 

A variety of host-expression vector systems maybe utilized to jffoduce the 
-recombinant tissue protective cytokines, including erythropoietin mutein molecules of the 
invention. Such host-expression systems represent vehicles by which the recombinant 
tissue protective cytokines of interest may be produced and subsequently purified, but also 
20 represent cells fliat may, when transformed or transfected with the appropriate nucleotide 
coding sequences, exhibit the modified erythropoietin gene product in situ. These include, 
but are not limited to, bactaia, insect, plant, mammaUan. includhig human host systems, 
such as, but not limited to, insect cell systems infected with recombinant virus expression 
vectors (e.g., baculovirus) containing the recraibhiant tissue protective cytokine product 
25 coding sequaoces; plant ceU systems infected with recombinant virus raipression vectors 
(eg., cauliflower mosaic virus, CaMV; tobacco mosaic vkus, TMV) or transformed with 
recombinant plasmid expression vectors (eg.. Ti plasmid) containing recombinant tissue 
protective cytokine coding sequences; or manraialian cell systans, including human cell 
systems, (e.g.. HTIOSO, COS, CHO, BHBC, 293, 3T3) harboring recombinant expression 
30 constructs containing promoters derived ftom Ihe genome of mammalian cells (e.g.. 

metaUotiiionein promoter) or firan mammalian viruses (e.g., the adenovirus late promoter; 
the vaccinia virus 7.5K promoter). 
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An expression construct, as used herein, refers to a nucleotide' sequence encoding a 
recombinant tissue protective cytokine operably associated with one or more regulatory 
regions which allows repression of the recombinant tissue protective cytokine in an 
appropriate host cell. "Operably-associated" refers to an association m which the regulatory 

5 regions and the recombinant tissue protective cytokine polypeptide sequence to be 

expressed are joined and positioned in such a way as to pomit transcription, and ultimately, 
translation of the recombinant tissue protective cytokine sequence. A variety of expression 
vectors may be used for the expression of recombinant tissue protective cytokine, including, 
but not limited to, plasmids, cosmids, phage, phagemids, or modified viruses. Examples 

10 include bacteriophages such as lambda derivatives, or plasndds such as pBR322 or pUC 
plasmid derivatives or the Bluescript vector (Stratagene). Typically, such expression 
vectors comprise a functional origin of replication for propagation of the vector in an 
appropriate host cell, one or more restriction endonuclease sites for insertion of the 
recombinant tissue protective cytokine gene sequence, and one or more selection markers. 

15 In preferred embodiments, the pCI-neo vector is used to anneal oligonucleotides to 

the original human EPO cDNA clone to introduce the mutations as described above. The 
pCI-neo vector contains the neomycin phosphotransferase gene, a selectable marker for 
mammalian cells. The pCI-neo Vector can be used for transient expression or for stable 
expression by selectmg transfected cells with flie antibiotic G-418, (Brondyk, 1995, New 

20 MainmaUan Expression Vector with a selectable marker: pCI-neo.Promega Notes 51, 10- 
14). 

For expression of recombinant tissue protective cytokine in mammalian host cells, a 
variety of regulatory regions can be used, for example, the SV40 early and late promoters, 
the cytomegalovirus (CMV) immediate early promoter, and the Rous sarcoma virus long 
25 terminal repeat (RSV-LTR) promoter. Inducible promoter that may be useful in 

mammalian cells include, but are not limited to, those associated with Uie metallothionein U 
gene, mouse mammary tumor virus glucocorticoid responsive long terminal repeats 
(MMTV-LTR), and the a-interferon gene (Williams et al., 1989, Cancer Res. 49: 2735-42 ; 
Taylor et al., 1990, Mol. CeU. BioL 10: 165-75). 

30 The efBciency of expression of the recombinant tissue protective cytokine in a host 

cell may be enhanced by the inclusion of appropriate transcription enhancer elements in the 
expression vector, such as those found in SV40 virus. Hepatitis B virus, cytomegalovirus. 
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immunoglobulm genes, metallofliionein, a-actin (see Bittner et aL, 1987, Methods in 
Enzymol. 153: 516-544; Gorman, 1990, Cuir. Op. inBiotechnol. 1: 36-47). 

The expression vector may also contain sequences that permit maintenance and 
replication of the vector in more than one type of host cell, or integration of the vector into 
5 the host chromosome. Such sequences may include but are not limited to replication 

origins, autonomously replicating sequences (ARS), centromere DNA, and telomere DNA. 
It may also be advantageous to use shuttle vectors that can be replicated and maintained in 
at least two types of host cells. 

In addition, the expression vector may contain selectable or screenable mark^ genes 

10 for initially isolating or identifying host cells that contain DNA encoding arecombinant 
tissue protective cytokine. For long term, high yield production of recombinant tissue 
protective cytokines, stable expression in mammalian, plant, bacterial, or fungal cells can be 
used. A number of selection systems may be used for mammalian cells, including, but not 
limited, to the Herpes sinq)lex virus thymidine kinase (Wigler et al., 1977, Cell 11: 223), 

15 hypoxanthine-guanine phosphoribosyltransferase (Szybalski and Szybalski, 1962, Proc, 
Natl. Acad. Sci. U.S.A. 48: 2026), and adenine phosphoribosyltransferase (Lowy et al., 
1980, Cell 22: 817) genes can be employed m fk-, hgprt- or aprt- cells, respectively. Also, 
antimetabolite resistance can be used as the basis of selection for dihydrofolate reductase 
(dhfr), which confers resistance to methotrexate (Wigler et al., 1980, Natl. Acad. Sci. 

20 U.S.A. 77: 3567; OHare et al., 1981, Proc. Natl. Acad. Sd. U.S.A. 78: 1527); gpt, which 
confers resistance to mycophenolic acid (Mulligan and Berg, 1981, Proc. NatL Acad. Sci. 
U.S.A. 78: 2072); neomycin phosphotransferase (neo), which confers resistance to Ihe 
aminoglycoside G-418 (Colberre-Garspin et al., 1981, J. Mol. Biol 150: 1); and 
hygromycin phosphotransferase (hyg), which confers resistance to hygromycin (Santerre et 

25 al., 1984, Gene 30: 147). Other selectable markers, such as but not limited to histidinol and 
Zeocin*™ can also be used. 

In order to insert the recombinant tissue protective cytokine coding sequence into 
Ihe cloning site of a vector, DNA sequences with regulatory ftinctions, such as promoters, 
must be attached to the coding sequences. To do this, linkers or adapters providing the 
30 appropriate compatible restriction sites may be ligated to the ends of cDNA or synthetic 
DNA encoding a recombinant tissue protective cytokfaae, by techniques well known in the 
art (Wu et al., 1987, Methods Enzymol. 152: 343-349). Cleavage with a restriction enzyme 
can be followed by modification to create blunt ends by digesting back or filling in single- 
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Stranded DNA termini before ligation. Alternatively, a desired restriction enzyme site can 
be introduced into a fragment of DNA by amplification of the DNA by use of PC31 with 
primers containing the desired restriction enzyme site. 

The expression construct comprising a recombinant tissue protective cytokine- 
5 coding sequence operably associated with regulatory regions can be directly introduced into 
i^ropriate host cells for expression and production of the recombinant tissue protective 
cytokines of the invention witiaout further cloning (see e.g., U.S. Patent No. 5,580,859). 
The expression constructs may also contain DNA sequences that facilitate integration of the 
coding sequence into the genome of the host cell, e.g., via homologous recombination. In 
1 0 this instance, it is not necessary to employ an expression vector comprising a r^lication 
origin suitable for appropriate host cells in order to propagate and express the recombinant 
tissue protective cytokines in the host cells. 

Expression constructs containing cloned recombinant tissue protective cytokines 
coding sequences can be introduced into the mammalian host cell by a variety of techniques 
1 5 known in the art, including but not limited to calcium phosphate mediated transfection 

(Wigler et al., 1977, Cell 11: 223-232), liposome-mediated transfection (Schaefer-Ridder et 
al., 1982, Science 215: 166-168), electroporation (Wolff et al., 1987, Proc. Natl. Acad. Sci. 
84: 3344), and microinjection (Cappechi, 1980, Cell 22: 479-488). 

In addition, a host cell strain may be chosen that modulates the expression of the 
20 inserted sequences, or modifies and processes the gene product in the specific fashion 

desired. Such modifications (e.g., glycosylation) and processing (e,g., cleavage) of protein 
products may be important for the function of the protein. Different host cells have 
characteristic and specific mechanisms for the post*translational processing and 
modification of proteins and gene products. Appropriate cell lines or host systems can be 
25 chosen to ensure the correct modification and processing of the foreign protein expressed. 
To this end, eukaryotic host cells that possess the cellular machinery for proper processing 
of the primary transcript, glycosylation, and phosphorylation of the gene product may be 
used. Such mammalian host cells, including human host cells, include but are not limited to 
HT1080, CHO, VERO, BHK, HeLa, COS, MDCK, 293, 3T3, and WD8. 

30 For long-term, high-)deld production of recombinant proteins, stable expression is 

preferred For example, cell lines that stably express the recombinant tissue protective 
cytokine-related molecule gene product may be engineered. Rather than usmg expression 
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vectors that contain viral origins of replication, host cells can be transformed with DNA 
controlled by appropriate expression control elements {e.g., promoter, chancer, sequences, 
transcription terminators, polyadenylation sites, etc.), and a selectable marker. Following 
the introduction of the foreign DNA, engineered ceUs may be allowed to grow for 1-2 days 

5 in an enriched media, and then they are switched to a selective media. The selectable 
marker in the recombinant plasmid confers resistance to the selection and allows cells to 
integrate the plasmid into their chromosomes in a stable maimer and grow to form foci that 
in tmn can be cloned and expanded into cell Unes. This method may advantageously be 
used to engineer cell lines that express the recombinant tissue protective cytokine gene 

10 product. Such engineered cell lines maybe particularly useful in screening and evaluation 
of compounds that affect the endogmous activity of the recombinant tissue protective 
cytokine gene product. 

Any of the cloning and expression vectors described herein may be synthesized and 
assembled from known DNA sequences by techniques well known in the art. The 

1 5 regulatory regions and enhancer elements can be of a variety of origins, both natural and 
synthetic. Some vectors and host cells may be obtained commercially. Non-limiting 
examples of useful vectors are described in Appendix 5 of Cunent Protocols in Molecular 
Biology, 1988, ed. Ausubel et aL, Greene Publish. Assoc. & Wiley Merscience, which is 
incorporated herein by reference; and the catalogs of commercial suppUers such as Clontech 

20 Laboratories, Stratagene Inc., and hivitrogen. Inc. 

Alternatively, a number of viial-based expression systems may also be utilized with 
mammalian cells for recombinant expression of tissue protective cytokines. Vectors using 
DNA virus backbones have been derived ftom simian vhus 40 (SV40) (Hamer et al., 1979, 
Cell 17: 725), adenovirus (Van Doren et al., 1984, Mol. Cell Biol. 4: 1653), adeno- 

25 associated virus (McLau^in et al„ 1988, J. Virol. 62: 1963), and bovine papillomas vnus 
(Zinn et al., 1982, Proc. Natl. Acad. Sci. 79: 4897). In cases where an adenovirus is used as 
an expression vector, the donor DNA sequence may be ligated to an adenovirus 
transcription/translation control reg^ion, e.g., the late promoter and tripartite leader sequence, 
This chimeric gene may then be inserted in the adenovirus genome by in vitro or in vivo 

30 recombination. Insertion in a non-essential region of the viral genome (e.g., region El or 
E3) will result in a recombinant virus that is viable and capable of expressing heterologous 
products in infected hosts (see, e.g., Logan and Shenk, 1984, Proc. NatL Acad. Sci. U.S.A. 
81:3655-3659). 
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Alternatively, the vaccinia 7.5K promoter may be used (see, e.g., Mackett et al,, 
1982, Proc. Natl. Acad. Sci. U.S.A. 79: 7415-7419; Mackett et al., 1984, J. Virol. 49: 857- 
864; Panicali et al., 1982, Proc. Natl. Acad. Sci. U.S A. 79: 4927-4931) In cases where a 
human host cell is used, vectors based on the Epstein-Barr virus (EBV) origin (OriP) and 
5 EBV nuclear antigen 1 (EBNA-1; a trans-acting replication factor) may be used. Such 
vectors can be used with a broad range of human host cells, e.g., EBO-pCD (Spickofsky et 
al., 1990, DNA Piot. Eng. Tech. 2: 14-1 8), pDR2 and oDR2 (available from Clontech 
Laboratories). 

Recombinant tissue protective cytokine expression can also be achieved by a 
10 rettovirus-based expression system. In contrast to transfection, retroviruses can efficiently 
infect and transfer genes to a wide range of cell types including, for example, primary 
hraiatopoietic cells. In retroviruses such as Moloney murine leukemia virus, most of the 
viral gene sequences can be removed and replaced wifli a recombinant tissue protective 
cytokine coding sequence, while the ndssmg viral functions can be supplied in trans. The 
1 5 host range for infection by a retroviral vector can also be manipulated by the choice of 
envelope used for vector packaging. 

For example, a retroviral vector can comprise a 5' long terminal repeat (LTR), a 3' 
LTR, a packaging signal, a bacterial origm of replication, and a selectable marker. The 
recombinant tissue protective cytokine DNA is inserted into a position between the 5* LTR 

20 and 3* LTR, such that transcription from the 5' LTR promoter transcribes the cloned DNA. 
The 5' LTR comprises a promoter, including but not limited to an LTR promoter, an R 
region, a U5 region and a primer binding site, in that order. Nucleotide sequences of these 
LTR elements are well known in the art. A heterologous promoter as well as multiple drug 
selection markers may also be included in the expression vector to facilitate selection of 

25 infected cells (see McLauchlin et al., 1990, Prog. Nucleic Acid Res. and Molec. Biol. 38: 
91-135; Morgemstem et al., 1990, Nucleic Acid Res. 18: 3587-3596; Choulika et al., 1996, 
J. Virol 70: 1792-1798; Boesen et al., 1994, Biotherapy 6: 291-302; Sahnons and Gunzber& 
1993, Human Gene Therapy 4: 129-141; and Grossman and Wilson, 1993, Curr. Opin. in 
Genetics andDevel. 3: 110-114). 

30 In one embodiment of the invention, a recombinant tissue protective cytokine 

deficient in sialic residues, or completely lacking sialic residues, may be produced in 
m^niTTiaHaTi cell, including a human cell. Such cells may be engineered to be deficient in, or 
lacking, die enzymes that add sialic acids, i.6., the /3-galactoside a 2,3 sialjdtransferase (Aa 
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2,3 sialyl1raiisferase@) and the jU-galactoside 0!2,6 aal^dtransferase (Aa2.6 
sialyltransferase©) activity). In one embodiment, amammalian ceU is used in which either 
or both the a2,3 sialyltransferase gene and/or the a 2,6 sialyltransferase gene, is deleted. 
Such deletions may be constructed using gene knock-out techniques well known in the art. 

5 In another embodiment, dihydrofolate reductase (DHFR) deficient Chinese Hamster Ovaiy 
(CHO) cdls are used as the host cell for the production of recombinant tissue protective 
cytokines. CHO cells do not express ttie enzyme a 2,6 sialjdtransferase and therefore do not 
add siaUc add in the 2,6 linkage to N-linked oUgosaccharides of glycoproteins produced in 
these cells. As a result, recombinant proteins produced in CHO cells lack sialic acid in the 

10 2,6 linkage to galactose (Sasaki et ah (1987; Takeuchi et al. stqnra; Mutsaers et al Eur. J. 
Biochem. 156, 651 (1986); Takeuchi et al. J. Chromotgr. 400, 207 (1987). In one 
embodiment, to produce a host cell for the production of asialo-erythropoietin, the gene 
encoding 0! 2,3 sialyltransferase in CHO cells is deleted. Such a2,3 sialyltransferase knock- 
out CHO cells completely lack sialyltransferase activity, and as a result, are use&l for the 

15 recombinant expression and production of asialoerythropoietin mutein. 

In another embodiment, asialo glycoproteins can be produced by interfering with 
sialic acid transport into the Golgi ^params e.g., Eckhardt et al., 1998, J. Biol. Chem. 
273:20189-95). Using methods well known to those skilled in the art (e.g.. Oelmann et al, 
2001, J. Biol, Chem. 276:26291-300), mutagenesis of the nucleotide sugar CMP-siaUc acid 
20 transporter can be accomplished to produce mutants of Chinese hamster ovary cells. These 
cells cannot add sialic acid residues to glycoproteins such as a recombinant tissue protective 
cytokine and produce only asialoerythropoietin muteiru 

Ttansfccted mammalian cells producing erythropoietin mutefai also produce 
cytosolic sialidase which if it leaks into the culture medium degrades sialoerythropoietin 
25 mutem with high efficiency (e.g.. Cramer et al, 1995 Biotechnology 13:692-698). Using 
metiiods well known to those knowledgeable in the art (e.g., &om information provided in 
Ferrari et al, 1994, Glycobiology 4:367-373), cell lines can be transfected, mutated or 
otherwise caused to constitutively produce sialidase. In this manner, asialoeryfloopoietin 
mutein can be produced during the manufecture of asialoerythropoirtin mutein. 

30 The recombinant cells may be cultured under standard conditions of temperature, 

mcubaticai time, optical density, and media conq)Osition. Alternatively, modified culture 
conditions and media may be used to enhance production of recombinant tissue protective 
cytokine. For example, recombinant cells may be grown under conditions that promote 
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inducible recombinant tissue protective cytokine e3cpression. Any technique known in ttie 
art may be applied to establish the optimal conditions for producing recombinant tissue 
protective cytokines. Cellular lysates or extracts comprising recombmant tissue protective 
cytokines can be further purified to isolate recombinant tissue protective cytokines. 

5 To facilitate purification of the recombinant tissue protective cytokines, a marker 

amino acid sequence is a hexa-histidine peptide, such as the tag provided in a pQE vector 
(QIAGBN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), among others, many of which 
are commercially available. As described in Gentz et al., 1989, PNAS 86:821, for instance, 
hexa-histidine provides for convenient purification of the fiision protein. Other peptide tags 

1 0 useful for purification mclude, but are not limited to, the hemagglutinin 'HA'' tag, which 
corresponds to an epitope derived fix)m the influenza hemagglutinin protein (Wilson et al., 
1984, Cell 37:767) and the "flag" tag. Any purification method known in the art can be 
used (see e.g.. International Patent PubUcation WO 93/21232; EP 439,095; Naramura et al., 
1994, Immunol Lett. 39:91-99; U.S. Patent 5,474,981; Gillies et al., 1992, PNAS 89:1428- 

15 1432; and Fell et al., 1991, J. Immunol 146:2446-2452). 

S.4. ASSAYS FOR TISSUE PROTECTIVE PROPERTIES OF THE 

RECOMBINANT TISSUE PROTECTIVE CYTOKINES 
Following the manufacture of the recombinant tissue protective cytokines and in 
some embodiments finther chemical modification of such tissue protective cytokines of the 
20 present invention, one of ordinary skill in the art can verify the tissue protective attributes of 
the cytokines and the absence of an eflfect on the bone marrow using well known assays. 

For example, the non-eryfhropoietic affect of a recombinant tissue protective 
cytokine can be verified through the use of a TF-1 assay. In this assay, TF-1 cells are 
grown in a complete RPMI medium supplemented with 5 ng/ml of GM-CSF and 10% FCS 

25 for a day at 37 C in a 002 incubator. The cells are then washed in and suspended at a 
density of 106 cells/ml for 16 h in starvation medium (5% FCS without GM-CSF). A 96 
well plate is prepared by: (1) adding 100 ill of sterile water to the outer wells to maintain 
moisture; (2) adding medium (10% FCS without cells or GM-CSF) alone to 5 wells; and (3) 
seeding 25,000 cells/well with medium containing 10% FCS and the recombinant tissue 

30 protective cytokines in the remaining cells (five wells per cytokine being tested). If the 
cells proliferate, the recombinant tissue protective cytokine may be erythropoietic. The in 
vivo effect of the compound should then be tested on an in vivo assay monitoring the 
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increase of hematocrit due to the recombinant tissue protective cytokine. A negative result 
- non prolifeation of cells in the TF-1 in vitro assay and/or no increase in hematocrit within 
the in vivo assay -means that the recombinant tissue protective cytokine is 
nonerythropoietic. 

5 As an alternative to the TF-1 assay described above, one skilled in the art may 

employ other erythropoietic assays known in the art, including, but not limited to, UT-7 cell 
assays, such as those described below in the Examples sections. 

The tissue protective properties of the recombinant tissue protective cytokines may 
be verified using a P-19 in vitro assay or a water intoxication in vivo assay in mice, both of 

10 which are outlined in further detail below. Alternative assays, include but are not limited to 
the additional assays outlined in the Examples below, such as the PC-12, and hypocampal 
slice assays. The above assays are provided merely as examples, and other suitable assays 
for determining the tissue protective effects and/or bone marrow effects of the recombinant 
tissue protective cytokines known to those of ordinary skill iu the art are contemplated as 

15 well. 

5.5. PHARMACEUTICAL COMPOSITIONS OF THE INVENTION 

In the practice of one aspect of the present invention, a pharmaceutical composition 
as described above containing a recombinant tissue protective cytokine may be 
administerable to a mammal by any route which provides a sufficient level of a recombinant 

20 tissue protective cytokine in the vasculature to permit translocation across aa endothelial 
cell barrier and beneficial effects on responsive cells. When used for the purpose of 
perfusiag a tissue or organ, similar results are desired. In the instance wherein the 
erythropoietin mutein is used for ex-vivo perfusion, the recombinant tissue protective 
cytokine may be any form of erythropoietin mutein, such as the aforementioned 

25 recombinant tissue protective cytokine. In the instance where the cells or tissue is non- 

vascularized and/or the administration is by bathing the cells or tissue with the composition 
of the invention, the pharmaceutical composition provides an effective responsive cell- 
beneficial amount of a recombinant tissue protective cytokine. The endothelial cell barriers 
across which a recombinant tissue protective cytokine may translocate include tight 

30 junctions, perforated jimctions, fenestrated junctions, and any other types of endothelial 
barriers present in a mammal. A preferred barrier is an endothehal cell tight junction, but 
the invention is not so limiting. 
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The aforementioned recombinant tissue protective cytokines are useful genially for 
file therapeutic or prophylactic treatment of human diseases of the central nervous system or 
peripheral nen^ous systmi which have primarily neurological or psychiatric symptoms, 
ophthalmic diseases, cardiovascular diseases, cardiopulmonary diseases, respiratory 
5 diseases, kidney, urinary and r^roductive diseases, gastrointestinal diseases and endocrine 
and metabolic abnormalities. In particular, such conditions and diseases include hypoxic 
conditions, which adversely afiect excitable tissues, such as excitable tissues in the central 
nervous system tissue, peripheral nervous system tissue, or cardiac or retinal tissue such as, 
for example, brain, heart, or retina/eye. Therefore, the invention can be used to treat or 
10 prevent damage to excitable tissue resulting firom hypoxic conditions in a variety of 

conditions and circumstances. Non-limiting examples of such conditions and circumstances 
are provided in the table hereinbelow. 

In the example of the protection of neuronal tissue pathologies treatable in 
accordance with the present invention, such pathologies include those which result from 

1 5 reduced oxygenation of neuronal tissues. Any condition which reduces the availability of 
oxygen to neuronal tissue, resulting in stress, damage, and JBnally, neuronal cell death, can 
be treated by the methods of the present invention. Generally referred to as hypoxia and/or 
ischemia, these conditions arise from or include, but are not limited to, stroke, vascular 
occlusion, prenatal or postnatal oxygen deprivation, suffocation, choking, near drowning, 

20 carbon monoxide poisoning, smoke inhalation, trauma, including surgery and radiotherapy, 
asphyxia, epilepsy, hypoglycemia, chronic obstractive pulmonary disease, emphysena, 
adult respiratory distress syndrome, hypotensive shock, septic shock, anaphylactic shock, 
insulin shock, sickle cell crisis, cardiac arrest, dysrhythmia, nitrogen narcosis, and 
neurblo^cal deficits caused by heart-lung bypass procedures. 

25 In one embodiment, for example, the specific reconibinant tissue protective cytokine 

compositions can be administered to prevent injury or tissue damage resulting from risk of 
injury or tissue damage during surgical procedures, such as, for example, tumor resection or 
aneiurysm repair. Other pathologies caused by or resulting from hypoglycemia which are 
treatable by the methods described herein inchide insulin overdose, also referred to as 

30 iatrogenic hyperinsulinemia, insulinoma, growth hormone deficiency, hypocortisolism, drug 
overdose, and certain tumors. 

Other pathologies resulting from excitable neuronal tissue damage include seizure 
disorders, such as epilepsy, convulsions, or chronic seizure disorders. Other treatable 
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conditions and diseases include, but are not limited to, diseases such as stroke, multiple 
sclerosis, hypotension, cardiac airest, Alzheimer's disease, Parkinson's disease, cerebral 
palsy, brain or spinal cord trauma, AIDS dementia, age-related loss of cognitive function, 
memory loss, amyotrophic lateral sclerosis, seizure disorders, alcoholism, retinal ischemia, 
5 optic nerve damage resulting from glaucoma, and neuronal loss. 

The specific composition and methods of tiie present invention may be used to treat 
inflammation resulting from disease conditions or various traumas, such as physically or 
chemically induced inflammation. Such traumas could include angitis, chronic bronchitis, 
pancreatitis, osteomyelitis, rheumatoid arthritis, glomerulonephritis, optic neuritis, temporal 
10 arteritis, encephalitis, meningitis, transverse myelitis, dermatomyositis, polymyositis, 
necrotizing fascilitis, hepatitis, and necrotizing enterocolitis. 

Evidence has demonstrated that activated astrocytes can Kcert a cytotoxic role 
towards neurons by producing neurotoxins. Nitric oxide, reactive oxygen species, and 
cytokines are released from glial cells in response to cerebral ischemia (see Becker, KJ. 
15 2001. Targeting the central nervous system inflammatory response in ischemic stroke. Curr 
Opinion Neurol 14:349-353 and Mattson, M.P., Cuhnsee, C, and Yu, ZJF. 2000. Apoptotic 
and Antiapoptotic mechanisms in stroke. Cell TissueRes 301:173-187.). Studies have 
further demonstrated that in models of neurodegeneration, glial activation and subsequent 
production of inflammatory cytokines depends upon primary neuronal damage (see Viviani, 
20 B., Corsini, E., Galli, C.L., Padovani, A., Ciusani, E., and Marinovich, M- 2000. Dying 
neural cells activate glia through the release of a protease product. Glia 32:84-90 and 
Rabuffetti, M., Scioratti, C, Tarozzo, G., Clementi, E., Manfredi, A.A., and Beltramo, M. 
2000. Inhibition of caspase-l-like activity by Ac-Tyr-Val-Ala-Asp-cMoromethyl ketone 
includes long lasting neuroprotection in cerebral ischemia through apoptosis reduction and 
25 decrease of proinflammatory cytokines. J Neurosci 20:4398-4404). Inflammation and glial 
activation is common to different forms of neuro degenerative disorders, including cerebral 
ischemia, brain trauma and experimental allergic encephalomyelitis, disorders in which 
erythropoietin exerts a cellular protective effect. Inhibition of cytokine production by 
erytiuropoietin could, at least in part, mediate its protective effect However, unlike 
30 "classical" anti-inflammatory cytokines such as H-IO and IL-13, which inhibit tumor 

necrosis &ctor production dfrectly, erythropoietin appears to be active only in the presence 
of neuronal death. 
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While not wishing to be bound by any particular theory, it appears that this anti- 
inflammatory activity may be hypothetically explained by several non-lindting theories. 
First, since erythropoietin prevents ^optosis, inflammatory events triggered by apoptosis 
would be prevented. Additionally, erythropoietin may prevent the relea3e of molecular 
S signals from dying neurons which stimulate the gha cells or could act directly on the glial 
cells reducing their reaction to these products. Another possibility is that erythropoietin 
targets more proxincial members of the inflammatory cascade (e.g., caspase 1, reactive 
oxygen or nitrogen intermediates) that trigger both ^optosis and inflanomiation. 

Furthermore, erythropoietin appears to provide anti-inflammatory protection without 
10 the rebound affect typically associated with other anti-inflammatory compounds such as 
dexamethasone. Once again, not wishing to be bound by any particular theory, it appears as 
though this may be due to erythropoietin's affect on multipurpose neuro toxins such as 
nitric oxide (NO). Although activated astrocytes and microgUa produce neurotoxic 
quantities of NO in response to various traumas, NO serves many purposes within the body 
1 5 including the modulation of essential physiological functions. Thus, although the use of an 
anti-inflammatory may alleviate inflammation by suppressing NO or other neuro toxins, if 
the anti-inflammatory has too long a half-life it may also interfere with these chemicals' 
roles in repairing the damage resulting from the trauma that led to the inflammation. It is 
hypothesized that the recombinant tissue protective cytokines of the present invention are 
20 able to alleviate the inflammation without interfering with the restorative capabilities of 
neurotoxins such as NO. 

The specific compositions and methods of the invention may be used to treat 
conditions of, and damage to, retinal tissue. Such disorders include, but are not limited to 
retinal ischemia, macular degeneration, retinal detachment, retinitis pigmentosa, 
25 arteriosclerotic retinopathy, hypertensive retinopathy, retinal artery blockage, retinal vein 
blockage, hypotension, and diabetic retinopathy. 

In another embodiment, the methods principles of the invention may be used to 
protect or treat injury resulting from radiation damage to excitable tissue. A further utility 
of the methods of ^e preset invration is in the treatment of neurotoxin poisoning, such as 
30 domoic acid shellfish poisoning, neucolatfayrism, and Guam disease, amyotrophic lateral 
scl^osis, and Parkinson's disease. 
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As mentioned above, the present invention is also directed to a method for 
aihancing excitable tissue fimction in a mammal by peripheral administration of a 
recombinant tissue protective cytokine as described above. Various diseases and conditions 
are amenable to treatment using this method, and further. Ibis method is useful for 
5 enhancing cognitive function in the absence of any condition or disease. These uses of the 
presait invention are described in further detail below and include enhancement of learning 
and training in both human and non-human mammals. 

Conditions and diseases treatable by the methods of this aspect of the present 
invention directed to the central nervous system include, but are not limited to, mood 

10 disorders, anxiety disorders, depression, autism, attention deficit hyperactivity disorder, and 
cognitive dysfunction. These conditions benefit from enhancement of neuronal function. 
Other disorders treatable in accordance with the teachings of the present invention include 
for example, sleep disruption, sleep apnea, and travel-related disorders; subarachnoid and 
aneurismal bleeds, hypotensive shock, concussive injury, septic shock, anaphylactic shock, 

15 and sequelae of various encephaUtides and meningitides, for example, connective tissue 
disease-related cerebritides such as lupus. Other uses iaclude prevention of or protection 
from poisoning by neurotoxitis, such as domoic acid shellfish poisoning, neurolathyrism, 
and Guam disease, amyotrophic lateral sclerosis, Parkinson's disease; postoperative 
treatment for embohc or ischemic injury; whole brain irradiation; sickle cell crisis; and 

20 eclampsia. 

A further group of conditions treatable by the methods of the present invention 
include mitochondrial dysfimction, of either a hereditary or an acquired nature, which are 
the cause of a variety of neurological diseases typified by neuronal mjury and deafh. For 
example, Leigh disease (subacute necrotizing encephalopathy) is characterized by 

25 progressive visual loss and encephalopathy, due to neuronal drop out, and myopathy. In 
these cases, defective mitochondrial metabolism fails to supply enough high energy 
substrates to fuel the metabolism of excitable cells. An erythropoietin receptor activity 
modulator optimizes failing function m a variety of mitochondrial diseases. As mentioned 
above, hypoxic conditions adversely affect excitable tissues. The excitable tissues include, 

30 but are not limited to, central nervous system tissue, peripheral nervous system tissue, and 
heart tissue. In addition to the conditions described above, the methods of the present 
invention are useful in the treatment of inhalation poisoning, such as carbon monoxide and 
smoke inhalation, severe asthma, adult respiratory distress syndrome, choking, and near 
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drowning. Further conditions which create hypoxic conditions or by otiier means induce 
excitable tissue damage include hypoglycemia that may occur in inappropriate dosing of 
insulin, or with insuIin*pioducing neoplasms (insulinoma). 

Various neuropsychologic disorders which are believed to originate from excitable 
5 tissue damage are treatable by the instant methods. Chronic disorders in which neuronal 
damage is involved and for which treatment by the present invention is provided include 
disorders relating to the central nervous system and/or peripheral nervous system including 
age-related loss of cognitive function and senile dementia, chronic seizure disorders, 
Alzheimer's disease, Paridnson's disease, dementia, memory loss, amyotrophic lateral 

10 sclerosis, multiple sclerosis, tuberous sclerosis, Wilson's Disease cerebral and progressive 
supranuclear palsy, Guam disease, Lewy body dementia, prion diseases, such as spongiform 
encephalopathies, e.g., Creutzfeldt- Jakob disease, Huntington's disease, myotonic 
dystrophy, Freidrich's ataxia and other ataxias, as well as GiUes de la Toxirette's syndrome, 
seizure disorders such as epilepsy and chronic seizure disorder, stroke, brain or spinal cord 

15 trauma, AIDS dementia, alcoholism, autism, retinal ischemia, glaucoma, autonomic 

function disorders such as hypertension and sleep disorders, and neuropsychiatric disorders 
that include, but are not limited to, schizophrenia, schizoaffective disorder, attention deficit 
disorder hyperactivity, dysthymic disorder, major depressive disorder, mania, obsessive- 
compulsive disorder, psychoactive substance use disorders, anxiety, panic disorder, as well 

20 as unipolar and bipolar affective disorders. Additional neuropsychiatric and 

neurodegenerative disorders include, for example, those listed in the American Psychiatric 
Association's Diagnostic and Statistical Manual of Mental Disorders (DSM), the most 
current version, IV, of which in incorporated herein by reference in its entirety. 

In another embodiment, recombinant chimeric toxin molecules comprising a 
25 recombinant tissue protective cytokine can be used for therapeutic delivery of toxins to treat 
a proliferative disorder, such as cancer, or viral disorder, such as subacute sclerosing 
panencephalitis. 

The following table lists additional ^emplary, non-limitmg indications as to the 
variouis conditions and diseases amenable to treatment by the aforementioned recombinant 
30 tissue protective cytokines. 



Cellf tissue or 
organ 


Dysfunction or 
pathology 


Condition or disease 


Type 


Heait 


Ischemia 


Coronary artery disease 


Acute, daomc 
Stable, unstable 
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Cell, tissue or 
organ 


DysftiHcdon or 
pathology 


Condition or disease 


Type 






Myocardial infarction 


Dressier* s syndrome 






Angina 








Congenital heart disease 


Valvular 
Cardiomyopathy 






Fnnzmetal angina 








Cardiac rupture 


Aneurysmatic 
Septal perforation 






Angiitis 






ArAytbinia 


Tachy-, bradyarrhythmia 

iSwpraventricular, 

ventricular 


Stable, unstable 
Hypersensitive carotid sinus 
node 




Congestive heart Mure 


Lefi» ri^ bi-venlricular, 
svstolic. diastolic 


Cardiomyopathies, such as 
idioDadiic fiiTniKaT- infective 
metaboHc, storage disease, 
deficiencies, comiective tissue 
disorder, infiltration and 
granulomas, neurovascular 






Myocarditis 


Autoimmune, infective, 
idiopathic 






Cor pulmonale 






Bltmt ard penetrating 
traimia 








Toxins 


Cocaine toxicity 




Vascular 


Hypertension 


Primary, secondary 






Decompression sickness 








Fibromuscular 
hyperplasia 








Aneurysm 


Dissecting, n;^tured, 
enlarging 








Chronic bronchitis, 
Tlmpbysftma and airway 
obstruction 






Ischemic hmg disease 


Pulmonary embolism, 
Puknonary thrombosis, 
Fat emibolism 






Environmental lung 
diseases 








Ischemic lung disease 


Pulmonary embolism 
Pulmonary throtdbosis 






fiaterstitial lung disease 


Idiopatiuc pulmonary 
fibrosis 






Congenital 


Cystic fibrosis 






Cor pulmonale 








Trauma 








Pneumonia and 
pneumonitides 


Infectious, parasitic, 
toxiCy traumatic, bum, 
aspiration 






Sarcoidosis 






Pancreas 


Endocrine 


Diabetes mellitus, type I 
andn 


Beta cell failure, dysfimction 
Diabetic neuropalhy 






Other endocrine cell 
j^ure of Ihe pancreas 






Exocrine 


Exocrme pancreas failure 


pancreatitis 
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Cell, tissue or 
organ 


Dysfunction or 
pathology 


Condition or disease 


Type 


Bone 


Osteopema 


Primary 
secondary 


Hypogonadism 

immobilisation 

Postmenopausal 

Age-related 

Hyperparathyroidism 

Hypertfayroidiam 

Calcium, magnesium, 

phosphoms and/or vitamin D 

deficiency 


\jo icumy ciius 






Avascular necrosis 






Trauma 






Pagef s disease 






Skin 


Alopecia 


Areata 
rotaus 


Primary 

Secondary 

Male pattern baldness 


Vitiligo 


Localized 
generalized 


Primary 
secondary 


Diabetic ulceration 






Peripheral vascular 
disease 






Bum injuries 






Autoizmnune 
disorders 


Lupus erythematodes, 
Sjiogren, 

Rheumatoid arthritis, 
GlomerulonephiitiSi 

Angiitis 






Langexhan's histiocytosis 






Eye 


Optic neuritis 






Bkmt and penetrating 
injuries, hifections, 
Sarcoid, Sickle C disease. 
Retinal detachment, 
Temporal arteritis 






Retinal ischemia. 
Macular degeneration. 
Retinitis pigmentosa. 
Arteriosclerotic 
retinopatiiy, Hypertensive 
retinopathy, Retinal 
artery blockage. Retinal 
veinblockage» 
Hypotension, Diabetic 
retinopathy, and 
Macular edema 






Enibryonic and 
fetal disorders 


Asphyxia 






Ischemia 






CNS 


Chronic fetigue 
syndrome, acute and 
chronic hypoosmolar and 

hypernsmnlflr syndromes, 

/JO^S Dementia, 
Electrocution 








Encephahtis 


Rabies, Herpes 




Meningitis 






Subdural heniatoma 






Nicotine addiction 
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Cell, tissue or 
organ 


Dysfunction or 
pt^ology 


Condition or disease 


Type 1 




Drug abuse and 
witiidrawal 


Cocaine, heroin, crack, 

Tnan'iiiana T J^^'Tl 

luarijuaiia, laoUf x^vat, 
poly-<3rug abuse, ecstasy, 
opioids, sedative 
hypnotics, 

amphetamines, caffeine 






Obsessive-con^mlsive 








Spinal stenosis, 
Transverse myelitis, 
viuiiiian jdoItC} x laumo, 
Nerve root con^ression, 

TSfmnTSil pnTTmTPQ^in'n 

Heat stroke 






ENT 


Tinnitus 

Meuniere's syndrome 
Hearing loss 








Traumatic injury, 

barotraiunES 






Js^idney 


issJiZi ittiiure 




Vaacular/ischemic. interstitial 1 
disease, diabetic kidney disease, 
nephrotic syndromes, infections, 
injury, contrast-induced, 
chemotherapy-induced, CPB- 
induced, or preventive 




xlcILUvii i3» < lupuia 






ouidicci inuscic 


AiitnimffniTnA f^iflftwIwQ 
AttWiflHIIIIIIv uiouiucxa 


Mvasthenift gravis 

Dennatomyositis 

Polymyositis 


1 




Myopathies 


Inherited metabolic, 
endocrine and toxic 






Heat Stroke 




: 




Crusli injury 




1 




Rhabdomylosis 




1 




Mitochondrial disease 








Infection 


Necrotizing fasciitis 





Sexual 
dysfunction 


Central and peripheral 
re.e. erectile dysfunction) 


Impotence secondary to 
medication, (diabetes) 


1 


Liver 


Hepatitis 


Viral, bacterial, parasitic 


1 




Ischemic disease 








Cirrhosis, fatty liver 








Infiltrative/metabolic 
diseases 






Gastcointestmal 


Ischemic bowel disease 








ioflazamatory bowel 
disease 




1 




iNCCrUliZUJg CUiCTOwUllUo 






Organ 

transplantatioii 


Treatment of donor and 
recipient 






Reproductive 
tract 


Infertility 


Vascular 
Autoimmune 
Uterine abnormalities 
Implantation disorders 




'Badocaas 


Glandular hyper- and 
hypofunction 
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As mentioned above, these diseases, disorders or conditions are merely illustrative 
of liie range of benefits provided by the recombinant tissue protective cytokines of the 
invention. Accoocdingly, this invmtion generally provides therapeutic or prophylactic 
treatment of the consequences of mechanical trauma or of human diseases. Therapeutic or 

5 prophylactic treatment for diseases, disorders or conditions of the CNS and/or peripheral 
nervous system are preferred. Therapeutic or prophylactic treatmrnt for diseases, disorders 
or conditions which have a psychiatric component is provided. Ther^eutic or prophylactic 
treatment for diseases, disorders or conditions inchiding, but not Umited to, those having an 
ophfhahnic, cardiovascular, cardiopuhnonary, respiratory, kidney, uTinary,.reproductive, 

1 0 gastrointestinal, endocrine, or metabolic component is provided. 

In one embodiment, sudi a pharmaceutical conq)osition of a recombinant tissue 
protective cytokine may be administered systanically to protect or enhance the target cells, 
tissue, or organ. Such administration may be paienterally, via inhalatioii, or 
transmucosally, e.g., orally, nasally, rectally, intravaginally, sublingually, submucosally or 
1 5 transdermally. Preferably, administration is parenteral, e.g., via intravenous or 
intraperitoneal injection, and also including, but is not limited to, intra-arterial, 
intramuscular, intradermal and subcutaneous administration. 

For other routes of administration, such as by use of a perfusate, injection into an 
organ, or other local administration, a pharmaceutical composition will be provided which 
20 results iu similar levels of a recombinant tissue protective cytokine as described above. A 
level of about O.OlpM -30 nM is preferred. 

The pharmaceutical compositions of the invention may comprise a therapeutically 
effective amount of a compound, and apharmaceuticaUy acceptable carrier. In a specific 
embodiment, the term "pharmaceutically acceptable" means approved by a regulatory 

25 agency of the Federal or a state government or listed in the U.S. Pharmacopeia or other 
generally recognized foreign phamiacopeia for use in animals, and more particularly in 
humans. The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle with which 
the ther^eutic is admmistered. Such pharmaceutical carriers can be sterile liquids, such as 
saline solutions in water and oils, including those of petroleum, animal, vegetable or 

30 synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and tiie like. A 
saline solution is a preferred carrier when the pharmaceutical composition is administered 
intravenously. Saline solutions and aqueous dextrose and glycerol solutions can also be 
employed as liquid canriers, particularly for injectable solutions. Suitable pharmaceutical 
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exdpients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, siUca 
geU sodium stearate, glycerol monosteaiate, talc, sodium chloride, dried skim milk, 
glycerol, propyieae. glycol, water, ethanol and the like. The composition, if desired, can 
also contain minor amounts of wetting or emulsi^ agents, or pH buffering agents. 
5 Tliese compositiQns can take the form of solutions, suspensions, emulsion, tablets, pills, 
capsules, powders, sustained-release formulations and the like. The conq»osition canbe 
formulated as a suppository, with traditional binders and carriers such as triglycerides. The 
compounds of the invention caa be formulated as neutral or salt forms. Phaimaceutically 
acceptable salts include those formed with free amino gro«q>s such as those derived from 
10 hydiochlorio, phosphoric, acetic, oxalic, tartaric adds. etc.. and those formed with free 
carboxyl groups such as those derived from sodium, potassium, ammonium, calcium, ferric 
hydroxides, isopiopylamine, triethylamine, 2-ethylamino ethanol. histidine, procaine, etc. 
Examples of suitable pharmaceutical carriers are described in "Remmgton's Pharmaceutical 
Sciences" by E.W. Martin. Such compositions will contain a therapeutically effective 
1 5 amount of the compound, preferably in purified form, together with a suitable amount of 
carrier so as to provide the fonn for proper administration to the padeut. Hie formulation 
should suit the mode of administration. 

Pharmaceutical compositions adapted for oral administration may be provided as 
capsules or tablets; as powders or granules; as solutions, syrups or suspensions (in aqueous 

20 or non-aqueous liquids); as edible foams ot whips; or as emulsions. Tablets or hard gelatine 
capsules may comprise lactose, starch or derivatives thereof, magnesium stearate, sodium 
saccharine, cellulose, magnesium carfjonate, stearic acid or salts thereof. Soft gelatine 
capsules may comprise vegetable oils, waxes, fets, semi-solid, or Uquid polyols etc. 
Solutions and syn?)s may comprise water, polyols, and sugars, 

25 An active agent intended for oral administration may be coated with or admixed 

with a material that delays disintegration and/or absorption of Ihe active agent in the 
gastrointestinal tract (ftg.. glyceryl monosteaiate or glyceryl disteaiate may be used). Thus, 
the sustained release of an active agent may be achieved over many hours and, if necessary, 
the active agent can be protected from being degraded within the stomach. Pharmaceutical 

30 compositions for oral administration may be formulated to facilitate release of an active 
agent at a particular gastrointestinal location due to specific pH or en25ymatic conditions. 

Phaimaceutical conq)ositions adapted for transdamal administration maybe 
provided as discrete patches mtended to remain in intimate contact witii the epidermis of tiie 
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recipient for a prolonged period of time. Fharmaceatical compositions adapted for topical 
administration may be provided as ointments, creams, suspensions, lotions, powders, 
solutions, pastes, gels, sprays, aerosols or oils. For topical adnunistration to the skin, 
mouth, eye or oth^ external tissues a topical ointment or cream is preferably used. When 
5 formulated in an ointment, the active ingredient maybe employed with dther a parafBnic or 
a water-miscible ointment base. Alternatively, the active ingredient may be formulated in a 
cream with an oil-in-water base or a water-in-oil base. Pharmaceutical compositions 
adapted for topical administration to the eye include eye drops. In these compositions, the 
active ingredient can be dissolved or suspended in a suitable carrier, e.g,, in an aqueous 
1 0 solvent. Pharmac^tical compositions adapted for topical administration in the mouth 
include lozenges, pastilles, and mouthwashes. 

Phannaceutical compositions adapted for nasal and pulmonary administration may 
comprise solid carriers such as powders (preferably having a particle size in the range of 20 
to 500 microns). Powders can be administered in the manner in which snuff is taken, i.e., 

15 by rapid inhalation through the nose j&om a container of powder held close to the nose. 
Alternatively, compositions adopted for nasal administration may conrprise liquid carriers, 
e.g,, nasal sprays or nasal drops. Alternatively, inhalation directly into the lungs may be 
accomplished by inhalation deeply or installation through a mouthpiece into the 
oropharynx. These compositions may comprise aqueous or oil solutions of the active 

20 mgredient Compositions for administration by inhalation may be supplied in specially 
ad^ted devices including, but not limited to, pressurized aerosols, nebulizers or 
insuflQators, which can be constructed so as to provide predetermined dosages of the active 
ingredient In a preferred embodimeQt, phannaceutical compositions of the invention are 
administered into tiie nasal cavity directiy or into the limgs via the nasal cavity or 

25 oropharynx. 

Phannaceutical compositions adapted for rectal administration may be provided as 
suppositories or enemas. Pharmaceutical compositions adapted for vaginal administration 
may be provided as pessaries, tampons, creams, gels, pastes, foams or spray formulations. 

Pharmaceutical compositions adapted for parenteral administration include aqueous 
30 and non-aqueous sterile injectable solutions or suspensions, which may contain 

antioxidants, buffers, bacteriostats, and solutes that render the compositions substantially 
isotonic with the blood of an intended recipient. Other components that may be present in 
such compositions include water, alcohols, polyols, glycerine and vegetable oils, for 
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example. Compodtiomadairtedforparmteraladmimstmtionin^ 
or mnlti^se containers, for example sealed ampules and vials, and may be stored in a 
fteeze^ed Oyqphilized) condition requiring only Hie addition of a sterile Uquid earner. 
e.g.. sterile saline solution for injections, immediately prior to use. Extemporaneous 
5 injection solutions and suspensions may be prepared fiom sterile powders, granules, and 
tablets. In one embodiment, an autoinjector comprising an injectable solution of a 
recombinant tUsuepnrtectivecytoldne may be providedfeemergency use by ambulances 

emergency rooms, and battlefield situations, and even for self-administration in a domestic 
setting,particularlywlierethepossft)iUty of traumatic anQ)utation may occur, such as by 
10 imprudentuseofalammower-Thelikelihoodthatcellsandtissuesinasevere^ 

wUl survive afta reattachment may be increased by administering a recombinant tissue 
protective cytokine to multiple sites in the severed part as soon as practicable, even before 
the arrival of medical persomiel on site, or arrival of the afflicted individual with severed 
toe at the ranargency room. 

15 In a preferred embodiment, the composition is foramlated in accordance with 

routineprocedures as a pharmaceutical composition adapted for intravenous administration 
to human beings. Typically, compositions for intravenous administration are solutions in 
sterile isotonic aqueous buffer. Where necessary, the composition may also include a 
solubilizing agent and a local anesthetic such as Udocaine to ease pain at the site of the 
20 injection. Generally, the mgredients are suppUed either separately or mixed together in unit 
dosage form, for example, as a dry lyophilized powder or water-free concentrate in a . 
hermetically-sealed container such as an ampule or sachette indicating the quantity of active 
agent. Where the composition is to be administered by infusion, it can be dispensed with an 
infiision bottle containing sterile pharmaceutical grade water or sahne. Where the 
25 composition is administered by injection, an ampule of sterile saline can be provided so that 
die ingredients may be mixed prior to adnunistration. 

Suppositories generally contain active ingredient in the rai^e of 0.5% to 10% by 
weight; oral formulations preferably contain 10% to 95% active ingredient 

A perfusate composition may be provided for use in transplanted organ baths, for in 
30 situ perfiision, or for administration to the vasculature of an organ donor prior to organ 

harvesting. Such phannaceutical compositions may comprise levels of a recombinant tissue 
protective cytokine or a form of a recombinant tissue protective cytokine not suitable for 
acute or chronic, local or systemic administration to an individual, but will serve the 
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functions intended herein in a cadaver, organ bath, organ perfusate, or in situ perfusate prior 
to removing or reducing the levels of the recombinant tissue protective cytokine contained 
therein before exposing or returning the treated organ or tissue to regular circulation. 

The invention also provides a pharmaceutical pack or kit comprising one or more 
5 containers filled with one or more of the ingredients of the pharmaceutical compositions of 
the invention. Optionally associated with such container(s) can be a notice in the form 
prescribed by a govemmratal agency regulatmg the manxifacture, use or sale of 
phaixnaceuticals or biological products, which notice reflects approval by the agency of 
manufacture, use, or sale for human administration. 

10 In another embodiment, for example, a recombmant tissue protective cytokine can 

be delivered in a controlled-release system. For example, the polypeptide may be 
administered using intravenous infusion, an implantable osmotic pump, a transdermal patch, 
liposomes, or other modes of administration. In one embodiment, apump maybe used (see 
Langer, siq>ra\ Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et a/., 1980, 
15 Surgery 88:507; Saudek et al, 1989, N. Engl. J. Med. 321 :574). In another embodiment, 
the compound can be delivered in a vesicle, in particular a liposome (see Langer, Science 
249:1527-1533 (1990); Treat et al, in Liposomes in the Ther^y of Infectious Disease and 
Cancer, Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 353-365 (1989); WO 
91/04014; U.S. Patent No. 4,704,355; Lopez-Berestein, ibid,, pp. 317-327; see generally 
20 ibid). In another embodiment, polymeric materials can be used (see Medical Applications 
of Controlled Release, Langer and Wise (eds.), CRC Press: Boca Raton, Florida, 1974; 
Controlled Dmg Bioavailability, Drug Product Design and Performance, Smolen and Ball 
(eds.), Wiley: New York (1984); Ranger and Peppas, J. Macromol. Sci Rev. Macromol. 
Chem. 23:61, 1953; see also Levy et al, 1985, Science 228:190; During et al, 1989, Ann. 
25 Neurol, 25:351; Howard etal, 1989, J. Neurosurg. 71:105). 

In yet another embodiment, a controlled release system can be placed in proximity 
of the therapeutic target, i.e., die target cells, tissue or organ, thus requiring only a fraction 
of the systemic dose (see, e.g., Goodson, pp. 115-138 in Medical AppUcations of Controlled 
Release, vol. 2, supra^ 1984). Other controlled release systems are discussed in the review 
30 by Langer (1990, Sdraice 249:1527-1533). 

In anottier embodiment, a recombinant tissue protective cytokine, as properly 
formulated, can be administered by nasal, oral, rectal, vagmal, or sublingual administration. 
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la a specific embodiment, it may be desirable to administer the recombinant tissue 
protective cytokine compositions of the invention locally to the area in need of treatment; 
this may be achieved by, for example, and not by way of limitation, local infusion during 
surgery, topical ^plication, e,g., in conjunction with a wound dressing after surgery, by 
5 injection, by means of a catheter, by means of a suppository, or by means of an implant, 
said implant being of a porous, non-porous, or gelatinous material, including membranes, 
such as sdlastic membranes, or fibers. 

Selection of the preferred effective dose will be determined by a skilled artisan 
based upon considering several factors which will be known to one of ordinary skill in the 

10 art. Such factors include the particular form of recombinant tissue protective cytokine, and 
its pharmacokinetic parameters such as bioavailability, metabolism, half-life, etc., which 
will have been established during the usual development procedures typically employed in 
obtaining regulatory approval for a pharmaceutical compound. Further factors in 
considering the dose include the condition or disease to be treated or the benefit to be 

15 achieved in a normal individual, the body mass of the patient, the route of administration, 
whether administration is acute or chronic, concomitant medications, and other factors well 
known to affect the efficacy of administered pharmaceutical agents. Thus the precise 
dosage should be decided according to the judgment of the practitioner and each patienfs 
circumstances, e.g., depending upon the condition and the immune status of the individual 

20 patient, and according to standard clinical techniques. 

In another aspect of the invention, a perfusate or perfusion solution is provided for 
perfusion and storage of organs for transplant, the perfusion solution including an amount of 
a recombinant tissue protective cytokine effective to protect responsive cells and associated 
cells, tissues, or organs. Transplant includes; but is not limited to, xenotransplantation, 

25 where a organ (including cells, tissue or other bodily part) is harvested from one donor and 
transplanted into a different recipient; and autotransplant, w^ere the organ is taken from one 
part of a body and replaced at another, including bench surgical procedures, in which an 
organ may be removed, and while ex vivo, resected, repaired, or otherwise manipulated, 
such as for tumor ranoval, and then returned to Ihe original location. In one embodmient, 

30 the perfusion solution is the University of Wisconsin (UW) solution (U.S. Patent No. 

4,798,824) which contains from about 1 to about 25 U/ml erythropoietin, 5% hydroxyethyl 
starch (having a molecular weight of fix)m about 200,000 to about 300,000 and substantially 
free of e&ylene glycol, ethylene chlorohydrin, sodium chloride and acetone); 25mM 
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KH2P04; 3mM glutathione; SmM adaiosine; IQmM glucose; lOmM HEPES buffer; SmM 
magnesium gluoonate; LSmM CaC12; lOSxuM sodium gluconate; 200,000 units penicillin; 
40 units ygtilin; 16mg Dexametfaasone; 12nig Phenol Red; and has a pH of 7.4-7.5 and an 
osmolality of about 320 mOSm/1. The solution is used to maintain cadavoic kidneys and 

5 pancreases prior to transplant. Using the solution, preservation can be extended beyond the 
30-hour limit recommended for cadaveric kidney preservation This particular perfusate is 
merely illustrative of a number of such solutions that can be adq)ted for the present use by 
inclusion of an effective amount of a recombinant tissue protective cytokine. In a further 
embodiment, the perfusate solution contains from about O.Olpg/ml to about 400 ng/ml 

10 recombinant tissue protective cytokine, or from about 40 to about 300 ng/ml recombinant 
tissue protective cytokine. As mentioned above, any form of recombiaant tissue protective 
cytokine can be used in Ibis aspect of the invention. 

While the preferred recipient of a recombiaant tissue protective cytokine for the 
purposes herein throughout is a human, the methods herein ^ly equally to other mammals, 
15 particularly domesticated animals, livestock, companion and zoo animals. However, the 
invention is not so linaiting and the b^efits can be applied to any maimnal. 



5.6. THERAPEUTIC AND PREVENTATIVE USES OF RECOMBINANT 
TISSUE PROTECTIVE CYTOKINES 

As noted in Example 1 below, the presence of erythropoietin receptors in the brain 
20 capillary human endothelium indicates that the targets of the recombinant tissue protective 
cytokines of the invention are present in the human brain, and that the animal studies on 
these recombinant tissue protective cytokines of the invention are directly translatable to the 
treatment or prophylaxis of human beings. 

In another aspect of the invention, methods and compositions for enhancing the 
25 viability of cells, tissues, or organs which are not isolated from the vasculature by an 
endothelial cell barrier are provided by exposing the cells, tissue or organs directly to a 
pharmaceutical composition comprising a recombinant tissue protective cytokine, or 
administering or contacting an recombinant tissue protective cytokine-contaming 
pharmaceutical composition to the vasculature of the tissue or organ. Enhanced activity of 
30 responsive cells in the treated tissxie or organ is responsible for the positive effects exerted. 

As described above, the invention is based, in part, on the discovery that 
erythropoietin molecules can be transported fiom the luminal surfitce to the basement 
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membrane surface of endothelial cells of the capillaries of organs with endothelial cell tight 
junctions, including, for example, the brain, retina, and testis. Thus, responsive cells across 
the bairiCT are susceptible targets for the beneficial effects of a recombinant tissue protective 
c3rtokine, and others cell types or tissues or organs that contain and depend in whole or in 

5 part on responsive cells therein are targets for the methods of the inventioa While not 
wishing to be bound by any particular theory, after transcytosis of a recombinant tissue 
protective cytokine, the recombinant tissue protective cytokine can interact with an 
erythropoietin receptor on an responsive cell, for example, neuronal, retinal, muscle, heart, 
lung, Uver, kidney, small intestine, adrenal cortex, adrenal medulla, capillary endotheUal, 
10 testes, ovary, pancreas, bone, skin, or endometrial cell, and receptor binding can initiate a 
signal transduction cascade resulting in the activation of a gene expression program within 
the responsive cell or tissue, resulting in the protection of the cell or tissue, or organ, from 
damage, such as by toxins, chemotherapeutic agents, radiation therapy, hypoxia, etc. Thus, 
methods for protecting responsive cell-containing tissue from injury or hypoxic stress, and 

1 5 aihancing the function of such tissue are described in detail herein below. As noted above, 
the methods of flie invention are equally applicable to humans as well as to other animals. 

In the practice of one embodiment of the invention, a manmialian patient is 
undergoing systemic chemotherapy for cancer treatment, including raxliation therapy, which 
commonly has adverse effects such as nerve, lung, heart, ovarian, or testicular damage. 

20 Administration of a pharmaceutical composition comprising a recombinant tissue protective 
cytokine as described above is performed prior to and during chemotherapy and/or radiation 
therapy, to protect various tissues and organs from damage by the chemotherapeutic agent, 
such as to protect the testes. Treatment may be continued until circulating levels of the 
chemother^eutic agent have fallen below a level of potential danger to the mammalian 

25 body. 

In the practice of another embodiment of the invention, various organs were planned 
to be harvested from a victim of an automobile accident &r transplant into a number of 
recipients, some of which required transport for an extended ^stance and period of time. 
Prior to organ harvesting, the victim was infiised with a pharmaceutical composition 
30 comprising a recombinant tissue protective cytokine as described herein. Harvested organs 
for shipment were perfused with a perfusate containing a recombinant tissue protective 
cytokine as described herein, and stored in a bath comprising recombinant tissue protective 
cytokine. Certain organs were continuously perfused with a pulsatile perfusion device, 
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Utilizing a perfusate containing a recombinant tissue protective cytokine in accordance with 
the present invention. Mimmal deterioration of organ function occurred during tiie transport 
and npon implant and reperfusion of the organs in situ. 

In another embodiment of the invention, a surgical procedure to repair a heart valve 
5 required temporary cardioplegia and arterial occlusion. Prior to surgery, the patient was 
infused with 4 {ig recombinant tissue protective cytokine per kg body weight Such 
treatment prevented hypoxic ischemic cellular damage, particularly after reperfusion. 

In another embodiment of the invention, in any surgical procedure, such as in 
cardiopulmonary bypass surgery, a recombinant tissue protective cytokine of the invention 
1 0 can be used. In one embodiment, administration of a pharmaceutical composition 

comprising a recombinant tissue protective cytokine as described above is performed prior 
to, during, and/or following the bypass procedure, to protect the fimction of brain, heart, and 
other organs. 

In the foregoing examples in which a recombinant tissue protective cytokine of the 
15 invention is used for ex-vivo applications, or to treat responsive cells such as neuronal 
tissue, retin^ tissue, heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal 
medulla, capillary endothelial, testes, ovary, or endometrial cells or tissue, the invention 
provides a pharmaceutical composition in dosage unit form adapted for protection or 
enhancement of responsive cells, tissues, or organs distal to the vasculature which 
20 comprises, per dosage umt, an effective non-toxic amount within the range from about 0.01 
pgtoSmg 1 pg to 5 mg, SOOpg to S mg, lngtoSmg,SOO ngtoSmg, 1 jxgtoSmg,SOO 
lig to 5mg, or 1 mg to S mg of a recombinant tissue protective cytokine and a 
pharmaceutically acceptable carrier. In a preferred embodiment, the amount of recombinant 
tissue protective cytokine is within the range from about 1 ng to Smg. In a preferred 
25 embodiment, the recombinant tissue protective cytokine of tiie aforementioned con:q)Osition 
is non-eryflbropoietic. 

In a further aspect of the invention, EPO administration was found to restore 
cognitive function in animals having undergone brain trauma. Recombinant tissue 
protective cytokines of the invention would be expected to have the same cellular protective 
30 effects as EPO. After a delay of either 5 days or 30 days, EPO was still able to restore 

function as compared to sham-treated animals, indicating the ability of a EPO to regenerate 
or restore brain activity. Thus, the invention is also directed to the use of a recombinant 
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tissue protective cytokine for the preparation of a pharmaceutical composition for the 
treatment of brain trauma and other cognitive dysfunctions, including treatment well after 
the injury (e.g. three days, five days, a week, a month, or longer). The invention is also 
directed to a method for the treatment of cognitive dysfunction following injury by 
5 administering an effective amount of a recombinant tissue protective cytokine. Any 
recombinant tissue protective cytokine as described herein may be used for tibds aspect of 
the invention. 

Furthermore, this restorative aspect of the invention is directed to the use of any of 
the recombinant tissue protective cytokines herein for the preparation of a pharmaceutical 
10 composition for the restoration of cellular, tissue, or organ dysfunction, wherein treatment is 
initiated after, and well after, the initial insult responsible for the dysfimction. Moreover, 
treatment using recombinant tissue protective cytokines of the invention can span the course 
of the disease or condition during the acute phase as well as a chronic phase. 

In flie instance wherein a recombinant tissue protective cytokine of the invention has 

1 5 erythropoietic activity, in a preferred embodunent, recombinant tissue protective cytokme 
may be administered systemically at a dosage between about 0.01 pg and about 100 /^g /kg 
body weight, preferably about 1 -50 /xg/kg-body weigjit, most preferably about 5-30 /ig/kg- 
body weight, per administration. This effective dose should be sufficient to achieve serum 
levels of recombinant tissue protective cytokine greater than about 10,000, 15,000, or 

20 20,000 mU/ml of serum after recombinant tissue protective cytokine administration. Such 
serum levels may be achieved at about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 hours post- 
administration. Such dosages may be repeated as necessary. For exantple, administration 
may be repeated daily, as long as clinically necessary, or after an appropriate interval, eg., 
every 1 to 12 weeks, but preferably, every 1 to 3 weeks. In one embodiment, the effective 

25 amount of recombinant tissue protective cytokine and a pharmaceutically acceptable carrier 
may be packaged in a single dose vial or other container. In another embodunCTt, a 
recombinant tissue protective cytokine useful for the purposes herein is nonerythropoietic, 
i.e., it is capable of exerting the activities described herem without causing an increase ui 
hemoglobin concentration or hematocrit Such a non-erythropoietic form of a recombinant 

30 tissue protective cytokine is preferred in instances wherein the methods of the present 

invention are intended to be provided chronically. In another embodiment, a recombinant 
tissue protective cytokine is given at a dose greater than ttiat necessary to maximally 
stimulate erythropoiesis. As noted above, a recombinant tissue protective cytokine of the 
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invention does not necessarily have erythropoietic activity, and therefore the above dosages 
expressed in units are merely exemplary for recombinant tissue protective cytokines; herein 
above molar equivalents for dosages are provided v^hich are applicable to any recombinant 
tissue protective cytokine. 

5 The present invention is further directed to a method for facilitating the transport of 

a molecule across an endothelial cell barrier in a mammal by administering a composition 
which comprises the particular molecule in association with a recombinant tissue protective 
cytokine as described herein above. As described above, tight junctions between 
endothelial cells in certain organs in the body create a barrier to the entry of certain 

10 molecules. For treatment of various conditions within the barriered organ, means for 

faciUtating passage of pharmaceutical agents is desired. A recombinant tissue protective 
cytokine of the invention is useful as a carrier for delivering other molecules across the 
blood-brain and other similar barriers. A composition comprising a molecule desirous of 
crossing the barrier with a recombinant tissue protective cytokine is prepared, and 

IS peripheral administration of the composition results in the transcytosis of the composition 
across the barrier. The association betwe^ the molecule to be transported across the barrier 
and the recombinant tissue protective cytokine may be a labile covalent bond, in which case 
the molecule is released from association with the recombinant tissue protective cytokine 
after crossing the barrier. If the desired pharmacological activity of the molecule is 

20 maintained or unaffected by association with the recombinant tissue protective cytokine, 
such a complex can be administered 

The skilled artisan will be aware of various means for associating molecules with a 
recombinant tissue protective cytokine of the invention and the other agents described 
above, by covalent, non-covalent, and other means; furthermore, evaluation of the efficacy 

25 of the composition can be readily determined in an experimental system. Association of 
molecules with a recombinant tissue protective cytokine may be achieved by any number of 
means, including labile, covalent binding, cross-linking, etc, Biotin/avidin interactions may 
be employed. As mentioned above, a hybrid molecule may be prepared by recombinant or 
synthetic means, for exanc^le, which includes both the domain of the molecule with desired 

30 pharmacological activity and the domain responsible for erythropoietin recq)tor activity 
modulation. 

A molecule may be conjugated to a recombinant tissue protective cytokine through a 
polj^functional molecule, i.e., a polyfunctional crosslinker. As used herein, the term 
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"polyfunctional molecule" encompasses molecules having one functional group that can 
react more than one time in succession, such as formaldehyde, as weU as molecules with 
more than one reactive ffoup. As used herein, the term "reactive group" refers to a 
fuBctioMl group on the crosslinker that reacts with a functional group on a molecule (e.g., 
5 peptide, proton, carbohydrate, nudeic acid, particularly a hormone, antibiotic, or anti- 
cancer agent to be deUvered across an endothelial cdl barrier) so as to form a covalent bond 
between the cross-linker and that molecule. The temx "functional group" retains its standard 
meaning in organic chemistry. The polyfunctional molecules which can be used are 
preferably biocompatible linkers, i.e., they are noncarcinogenic, nontoxic, and substantially 
10 non-immunogenic in vivo. Polyfunctional cross-linkers such as those known in the art and 
describedherein can be readily tested in animal models to determine their biocompatibility. 
The polyfimctional molecule is preferably biftnctionaL As used herein, the term 
"biftmctional molecule" refers to a molecule with two reactive groups. The bifUnctional 
molecule may be heterobifimctional or homobifimctionaL A heterobifimctional cross-linker 
15 allows for vectorial conjugation. It is particularly preferred for the polyfimctional molecule 
to be sufficiently soluble in water for the cross-linking reactions to occur in aqueous 
solutions such as in aqueous solutions buffered at pH 6 to 8. and for the resulting conjugate 
toremainwatersolubleformoreefFectivebio-distribution. Typically, ttie polyfunctional 
molecule covalentiy bonds witii an amino or a snlfhydryl functional group. However, 
20 polyfunctional molecules reactive with other functional groups, such as carboxyUc acids or 
hydroxyl groups, are contemplated in tiie present invention. 

The homobifunctional molecules have at least two reactive functional groups, which 
are the same. The reactive functional groups on a homobifunctional molecule include, for 
example, aldehyde groups and active ester groups. Homobifimctional molecules having 

25 aldehyde groups include, for example, glutaraldehyde and subaraldehyde. The use of 
glutaralddiyde as a cross-linking agent was disclosed by Poznansky et al, Science 223, 
1304-1306 (1984). Homobifunctional molecules having at least two active ester units 
include esters of dicarboxylic acids and N-hydroxysuccinimide. Some examples of such N- 
succinimidyl esters include disuccinimidyl suberate and dithio-bis-(succinimidyl 

30 propionate), and fheir soluble bis-sulfonic acid and bis-sulfonate salts such as their sodium 
and potassium salts. These homobifunctional reagents are available firom numerous 
commercail sources (Pierce, Rockford, Illinois). 
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The heterobifunctional molecules have at least two different reactive groups. The 
reactive groups react with difEerent functional groups, e.g., presCTt on the erythropoietin 
mutein and the molecule. These two different functional groups that react with the reactive 
group on the heterobifunctional cross-linker are usually an amino groiqp, e.g., (he epsilon 

5 amino group of lysine; a sulfhydryl groiq), e.g., the thiol group of cysteine; a carboxylic 
acid, e.g., the carboxylate on aspartic acid; or a hydroxy! group, eg., the hydroxyl ffowp on 
serine. Of course, recombinant tissue protective cytokmes of the invention may be lacking 
a particular amino acid residue that would &cilitate cross-linking of native erythropoietin, 
but one of skill in the art will be aware of &6 available residue moieties in a muteui of tiie 

10 invention and cross-link accordingly. 

Moreover, the various recombinant tissue protective cytokine molecules of the 
invention may not have suitable reactive groups available for use with certain cross-linking 
agents; however, one of skill in the art will be amply aware of the choice of cross-linking 
agents based on the available groups for cross-linking in an erythropoietin of the invention. 

1 S Whra a reactive group of a heterobifunctional molecule forms a covalent bond with 

an amino group, the covalent bond will usually be an amido or imido bond. The reactive 
group that forms a covalent bond with an amino gCGup may, for example, be an activated 
carboxylate group, a halocaibonyl group, or an ester group. The preferred halocarbonyl 
group is a chlorocarbonyl group. The ester groups are preferably reactive ester groups such 

20 as, for example, an N-hydroxy-succinimide ester group. 

The oth^ functional group typically is either a thiol group, a group capable of being 
converted into a thiol group, or a group that £3nns a covalent bond with a thiol group. The 
covalent bond will usually be a thioefher bond or a disulfide. The reactive group that forms 
a covalent bond with a thiol group may, for example, be a double bond that reacts witii thiol 

25 groiq)s or an activated disulfide. A reactive grotq) containing a double bond capable of 
reacting with a thiol group is the maleitnido group, although olhers, such as acrylonitrile, 
are also possible. A reactive disulfide group may, for exanxple, be a 2-pyridyldithio group 
or a S,5*-ditiuo-bis-(2-nitrobenzoic acid) group. Some examples of heterobifunctional 
reagents containing reactive disulfide bonds mclude N-succinimidyl 3-(2-pyridyl- 

30 dithio)propionate (Carlsson, et al, 1978, Biochem J., 173:723-737), sodium S-4- 

succiniinidyloxycarbonj4-alpha-methylberizylthiosulfete, and 4-succinimidyloxycarbonyl- 
alpha-methyl-(2-pyridyldithio)toluene. N-succinimidji 3-(2-pyridyldithio)propionate is 
preferred. Some examples of heterobifimctional reagents comprising reactive groups 
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having a double bond that reacts with a thiol group include succinimidyl 4-(N- 
„wleiniidomethyl)cyclohexane.l-carboxybite and sucd^^ 

Other heterobifunctional molecules include succinimidyl 3-(maleiimdo)propionate, 
sulfosuccinimidyl 4-(p-maleimido-phenyl)butyrate, sulfosuccinimidyl 4-(N- 
5 malennidometiiyl-cyclohexaneH-carboxylate, maleimidobenzoyl-N-hydroxy-succininiide 
ester. The sodium sulfonate salt of succinimidyl m-maleimidobenzoate is preferred. Many 
of the above-mentioned heterobifimctionai reagents and thek sulfonate salts are available 
ftom Pierce Chemical Co., Rockford, Illinois USA. 

Hie need for the above-described coiqugated to be reversible or labUe maybe 
10 readilydeteiminedbytheskilledartisan. A conjugate may be tested in vSro for both the 
recombinant tissue protective cytokine activity, and for the desirable pharmacological 
activity. If the conjugate retains both properties, its suitability may then be tested in vivo. If 
the conjugatedmolecdereciuires separation from the recombinant tissueprotecti^^ 
for activity.alabUe bond or reversible association ^^th the recombinant tissue prote^^^ 
15 cytokinewUlbepreferable. Thelability characteristics may also be tested using standard f« 
vitro procedures before in vivo testing. 

Additional infomiation regarding how to make and use these as well as other 
polyfimctional reagents may be obtained from the foUowing pubUcatiom or others available 
in the art 

1 . Carlsson, J. et cd., 1978, Biochem. J. 173:723-737. 

2. Cumber. JA et al, 1985. Methods in Enzymology 1 12:207-224. 

3. Jue, R- et al, 1978. Biochem 17:5399-5405. 

4. Sun. T.T. et d., 1974, Biochem. 13:2334-2340. 

5. Blatfler, WA. et al., 1985, Biochem. 24:1517-152. 

6. liu, F.T. et al., 1979, Biochem. 18:690-697. 

7. Youle, R.J. and Neville, D.M. Jr., 1980, Proc. Natl. Acad. Sd. 
U.S.A. 77:5483-5486. 

8. Lemer, RA. et al., 1981, Proc. Natl. Acad. Sci. U.S A 78:3403- 
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3407. 

9. Jung, S.M. and Moroi, M., 1983, Biochem. Biophys. Acta 
761:162. 

10. Caulfield, MJP. at al, 1984, Biochem. 81:7772«7776. 

11. Staros, J. v., 1982, Biochem. 21:3950-3955. 

12. Yoshitake, S. et a/., 1979, Eur. J. Biochem, 101:395-399. 

13. Yoshitake, S. et al, 1982, X Biochem. 92:1413-1424. 

14. Pilch, P.F. and Czech, M.P., 1979, J. Biol. Cham. 254:3375-3381. 

15. Novick, D. et aL, 1987. J. Biol. Chem. 262:8483-8487. 

16. Lomant, A.J. and Fairbanks, G.. 1976, J. Mol. Biol. 104:243-261. 

17. Hamada, H. and Tsunio, T., 1987, Anal. Biochem. 160:483-488. 

18. Hashida, S. et al., 1984, J. Applied Biochem. 6:56-63. 

Additionally, methods of cross-Unking are reviewed by Means and Feeney, 1990, 
Bioconjugate Chem. 1 :2-12. 

Barriers which are crossed by the above-described methods and compositions of the 
present invention include, but are not limited to, the blood-brain barrier, the blood-eye 
5 barrier, the blood-testis barrier, the blood-ovary barrier, the blood-heart barrier, the blood- 
kidney barrier, and the blood-ut^iis barrier. 

Candidate molecules for transport across an endothelial cell barrier include, for 
example, hormones, such as growth hormone, neurotrophic factors, antibiotics, antivirals, or 
antifungals such as those normally excluded from the brain and other barriered organs, 

10 peptide radiopharmaceuticals, antisense drugs, antibodies and antivirals against 

biologicaUy-active agents, pharmaceuticals, and anti-cancer agents. Non-limitmg examples 
of such molecules include hormones such as growth hormone, nerve growth factor (NGF), 
brain-derived neurobrophic factor (BDNF), ciliary neurotrophic factor (CNTF), basic 
fibroblast growth factor (bFGF), transforming growth factor jSl (TGFi31), transforming 

15 growth factor j82 (TGF/32), transforming g^o^vth factor /33 (TGF03), interl^ikin 1 , 
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interleukin 2, inteleukin 3, and interleukin 6, AZT, antibodies against tumor necrosis 
fector, and inimunosuppressive agents such as cyclosporin. Additionally, dyes or markers 
maybe attached to erythropoietin or one of the tissue protective cytoldnes of the present 
invention in order to visualize cells, tissues, or organs within the brain and olher barriered 
5 organs for diagnostic purposes. As an example, a marker used to visualize plaque within 
the hrain could be attached to erythropoietin or a tissue protective cytokine in order to 
determine the progression of Alzheuners disease within a patient. 

The present invention is also directed to a composition comprising a molecule to be 
transported via transcytosis across a endothelial cell tight junction barrier and a recombinant 
10 tissue protective cytokine as described above. The invention is further directed to the use of 
a conjugate between a molecule and a recombinant tissue protective cytokine as described 
above for the preparation of a pharmaceutical composition for the delivery of the molecule 
across a barrier as described above. 

The present invoition may be bettor understood by reference to the foUowmg non- 
1 5 limiting examples, which are provided as exemplary of the invention. The following 
examples are presented in order to more fully iUustrate the preferred embodiments of the 
invention. They shoiild in no way be construed, however, as limiting the broad scope of the 
invention. 

6. EXAMPLES 

20 6.1. EXAMPLE 1: DISTRIBUTION OF ERYTHROPOIETIN RECEPTOR 

IN HUMAN BRAIN 
Normal human brain removed during surgical procedures (e.g., to provide tumor- 
free margins in tumor resections) were immediately fixed in 5% acrolem in 0. 1 M 
phosphate buffer (pH 7.4) for 3 h. Sections were cut with a vibrating microtome at 40 
25 micrometer thickness, hnmunohistochemical staining was performed using free-floating 
sections and the indirect antibody peroxidase-antiperoxidase method using a 1 :500 dilution 
of erythropoietin recefptor antiserum (obtained from Santa Cruz Biotechnology). 
Endogenous peroxidase activity was quenched by pretreatment of tissue sections with 
hydrogen peroxide (3% in methanol for 30 min). Tissue controls were also carried out by 
30 primary antibody omission and by using the appropriate blocking peptide (from Santa Cruz 
Biotech.) to confirm that staining was specific for ery&ropoietin (EPO) receptor. 
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Figure 1 shows capillaries of the human brain express very hig^ levels of EPO 
receptor, as determined by immunohistochemistry using specific anti-EPO receptor 
antibodies. Ibis provides a mechanism whereby EPO is able to penetrate into the brain fiom 
the s^temic circulation, in spite of the blood brain barrier. 

5 Figure 2 shows the EPO receptor is densely localized within and around capillaries 

foiming the blood brain barrier in the human brain. 

A similar protocol as for Fig[ares 1 & 2 was performed for Figure 3, except tiiat 10 
micrometer sections were cut from paraffin, the embedded sections fixed by immersion in 
4% paraformaldehyde. Figure 3 shows that there is a high density of EPO receptor at the 
10 luminal and anti-lummal surfaces of human brain c^illaries, Jfonning the anatomical basis 
for transport of EPO 6x>m the circulation into the brain. 

Figure 4 was obtained following a similar protocol as in Figure 3 except that the 
tissue was sectioned on an ultramicrotome for electron microscopy and the secondary 
antibody was labeled with colloidal gold particles. This figure shows that EPO receptor is 
IS found vpon the endothelial surface ("^X within cytoplasmic vesicles (arrows) and upon glial 
endfeet (+) in human brain, providing the anatomical basis for transport of EPO from within 
the circulation into the brain. 

6.2. EXAMPLE 2: ERYTHROPOIETIN CROSSES THE BLOOD- 
CEBEBROSPINAL FLUID TIGHT BARRIER 

20 Adult male Sprague-Dawlq^ rats were anesthetized and administered recombinant 

human erythropoietin intraperitoneally at SOOO U/kg body wei^t. Cerebrospinal fluid was 
sampled from the cistema magna at 30 minute int^als up to 4 brs and the erythropoietin 
concentration determined using a sensitive and specific enzyme-linked immunoassay. As 
illustrated in Figure 5, the baseline eryttiropoietin concentration in CSF is 8 mU/ml. After a 

25 delay of several hours, the levels of erythropoietin measured in the CSF begin to rise and by 
2.5 hours and later are significantly different firom the baseline concentration at the p < 0.01 
level. The peak level of about 100 mU/ml is within the range known to exert protective 
effects in vitro (0.1 to 100 mU/ml). The time to peak occurs at about 3.5 hrs, which is 
delayed significantly fiom the peak serum levels which occur at less than 1 hr. The results 

30 of this experiment illustrate that significant levels of erythropoietin can be accomplished 
across a tight cellular junction by bolus parenteral administration of erythropoietin at 
^propriate concentrations. 
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6.3. EXAMPU; 3: RECOMBmANT TISSUE PROTECTIVE CYTOKINE 
The following human ^Ttbiopoietin constructs were made using tiie following 
procedures. The cDNA f(x tiie human erythropoietin was cloned by PGR from human brain 
cDNA by using primers based on the published human cDNA sequence (accession number 
5 MM_000799). The primers were designed to introduce a Xho I site in the 5' end and a Xba 
I site in the 3' end of the cDNA. The primer sequences axe: 

HEPO-5-Xho I 5'-AGCTCTCGAGGCGCGGAGATGGGGGTGCACGAATG-3' 
(SEQ. ID. 8) 

HEPO-3-Xba I S'-ATGCTCTAGACACACCTGGTCATCTGTCCCCTGTCC-S' 
10 (SEQ. ID. 9). 

The PGR product was cloned between the Xho I and Xba I sites in pCiNeo 
mammalian expression vector (Promega). The clones were sequenced and the sequence 
was verified to match llie sequence in NM_000799 with the exception of a single base. 
Base 41 8 in the coding sequence (starting the numbering fix»m the ATG) was C instead of 
15 G, changing amino acid 1 40 in the full length EPO sequence starting from the first 

methionine from Arg to Gly. This is however, normal sequoice variation from the original 
sequence and present in most forms of erythropoietin. 

The coding sequaice from &e ^Tthropoietin cDNA is below: 

ATGGGGKjTGCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 
20 GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCTGTGA 

cagccgagtcctggagaggtacctcrrggaggccaaggaggccgagaatatca 
cgacgggctgtgctgaacactgcagcttgaatgagaatatcactgtcccagaca 
ccaaagttaatttctatgcctggaagaggatggaggtcgggcagcaggccgta 
gaagtctggcagggcctggccctgctgtcggaagctgtcctgcggggccaggc 
25 cctgttggtcaactcttcccagccgtgggagcccctgcactgcatgtggataaa 
gccgtcagtggccttcgcagcctcaccactctgcttcgggctctgggagcccag 
aaggaagccatctcccctccagatgcggcctcagctgctccactcx:gaacaatc 
actgctgacactttcgcaaacrcttccgagtctactccaatttcctccggggaa 

AGCTGAAGCTGTACACAGGGGAGGCCTGCAGGACAGGGGACAGATGA (SEQ ID 
30 NO: 7). 
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This cDNA codes for the fixU length amino acid sequence of erythropoietin, which is 

below 

MGVHECPAWLWLLL^Ll^IJ>LGIJVLGAPPmaDSRVLER^^ 
TTGCAEHCSLISENITWDTKVNFYAWKRMEVGQQAVEW 
5 LLVNSSQPWPLQLHVDKAVSGLRSLTTLIJRALGAQKEAIS^^^ 
TFRXLERVySNFLRGKLKLYTGEAC3R.TG^ (SEQ ID NO: 10). 

The first 27 aznino acid residues of SEQ ID N0:10 comprise a leader sequence. 

A 6xHis tag was introduced to the C-tenninal end of the human EPO protein by 
designing a new oligonucleotide so that the 6 histidines would be joined to the Asp 192 in 
10 the fill! lengdi sequence using the following oligonucleotide: 

3'-6xhis-hEP0 5'- 

GGTCTAGATCAATGGTGATGGTGATGATGGTCCCCTGTCCTGCAGGCC-3' (SEQ 
IDNO:134) 

The EPO cDNA was amplified by PGR using flie HEPO-S-Xho I oligo and 6xHis- 
15 Tag oligo and cloned between die Xho I and Xba I sites in the pCiNeo mammalian 
expression vector. The insert was again sequenced and the sequence verified. 

The mutations described above in section 5,2 to the human EPO cDNA sequence, 
with a C-terminal 6xHis tag, were introduced by oligo directed mutagenesis using the 
oligonucleotides described in this section. Mutant clones were sequenced to confirm the 
20 mutations. 

Numerous methods for purification of the recombinant tissue protective cytokines of 
the invention may be used, including, but not limited to, the following protocol which was 
used in conjunction with the histidine tagged recombinantly expressed tissue protective 
cytokines of the invention. The recombinant cell (CHO-Kl) supernatant (for example, resin 

25 firom (Ni-C AM HC RESIN: High Capacity Nickel Chelate AfiBnity Matrix, Sigma, Cat no. 
N 3158)) was thoroughly resuspend with gentle inversion. Then, lOOul of the resin 
suspension (equivalent to 50|il of packed resin) was added to a microcentrifuge tube (1 .7 ml 
size). The mixture was centrifuged at 8,000 rpm, at 4°C for 5 minutes to pellet the resin and 
then discard the supernatant The microcentrifuge was Megafuge 1 .OR (Heraeus 

30 Instruments). The mixture was washed twice with 1 ml of deionized water (0.2jmn filtered) 
to remove the ethanoL The resin was resuspended in 500^1 of equilibration buffer (SOmM 
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sodium phosphate. pH 8.0, 0.3M NaD, lOmM imidazole), and then transferred the mixture 
to a 50-ml conical tube. The nucrocentrifuge tube was rinsed with SOOtil of eqiiilibration 
buffer, and then added this amount to the mixture in the 50-ml conical tube. The mixture 
was centrifuged at 3,000 rpm, at rC for 5 minutes to pellet the resin. The supernatant was 
5 removed and discarded. The samples (CHO-KI supernatant) were centrifuged at 3,800 rpm, 
at 4''C for 5 minutes prictt to bmding. The cell supernatant was added to the resin. Sample 
addition buffer (50mM sodium phosphate, pH 8.0, 3M NaCl, lOOmM imidazole) was added 
to IX, and gently mixed in a rotating platform for 1 hour at 4''C. An example of such a 
platform used is Nutator (lotatmg platform) (Clay Adams Brand). The mixture was 
10 centrifuged at 3,000 rpm, at 4«'C for 5 mmutes. The supernatant was removed and saved for 
SDS-P AGE analysis and ELISA (unbound). The rean was resuspended in SOOjil of wash 
buffer, and th«Q the mixture was transferred to a microcentrifuge tube. The 50-ml conical 
tube was rinsed with SOOul of equiUbration buffer, and tiisn this amount was added to the 
mixture in the microcentrifuge tube. The resin suspension was then mixed m a rotating 
15 platform for 10 minutes at 4*'C. The suspension was centrifuged at 8,000 rpm, at 4°C ftn: 5 
minutes («ie first wash may be saved for ELISA). The resm was resuspended m 1 ml of 
wash buffer and the resin suspension was again then mixed in a rotating platform for 10 
minutes at 4''C, to wash the resin one more time. The wash was disgarded. Then, 75^1 of 
dution buffer (50mM sodium phosphate, pH 8.0, 0.3M NaCl, SOOmM imidazole) was 
20 added. The resin was mixed in a rotating platform for 10 minutes at 4°C. The mixture was 
centrifuged at 8,000 rpm, at 4°C for 5 minutes. The supernatant was removed and saved. 
The histidine tagged protein was m this fraction. To elute more protein, 75jil of elution 
buffer (50mM sodium pho^hate, pH 8.0, 0.SMNaCl, SOOmM unidazole) were again 
added. The resin was again mixed in a rotating platform for 10 minutes at 4»C. The 
25 mixture was agamcentrifiaged at 8,000 rpm, at 4X for 5 niinutes. The ehted fractions 
were saved as a single pool or separate fractions. 

Alternatively, the following procedure was used to isolate purified histidine-tagged 
cytokines. Conditioned media was collected and filtered through a 0.45 \m filter. A 50 ml 
aliquot was then applied to a 5 ml HiTrap chelating (Amersham biosciences) equilibrated 
30 with 20 mM sodium phosphate pH 7.4 and activated with 2.5 ml 1 00 mM NiS04.The 

column was washed with 20 mM sodium phosphate pH 7.4 and eluted with a gradient from 
0 M to 0.5 M Imidazole in 20 mM sodium phosphate pH 7.4 over 25 column volumes. The 
flow was 5 ml/min and fraction size S ml. 
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Fractions were analyzed for the presence of recombinant tissue protective cytokine 
by SDS-PAGE and EPO EUSA. Positive ftactions were pooled and dialyzed against 10 
mM Tris pH 7.0. The pool was q)plied to a 1 ml HiTrap Q HP (Amersham biosciences) 
equilibrated with 10 mM Tris pH 7.0. After washing with equilibration buffer the sample 
5 was eluted with a gradient of NaCl to 0.5 M over 1 0 column volumes at a flow of 1 ml/min. 
Fractions of 1 ml were collected and analyzed by SDS-PAGE, EPO ELISA and western 
blotting usmg antibodies against hexa4us tag (Anti-Hise, ROCHE). Fractions containing the 
recombinant tissue protective cytokine were pooled and concentrated usmg a centricon with 
a cut off size of 10 kDa (Amicon) to a final volume of 1-2 ml. 

10 The final pool of recombinant tissue protective cytokine was analyzed by SDS- 

PAGE (NuPage 4-12%; Invitrogen) and visualized using NOVEX Colloidal Blue 
(Invitrogen) by the protocol recommended by the manufacturer. The purity of the 
recombinant tissue protective cytokine was judged from the resulting gel. Only one band 
corresponding to the glycosylated recombinant tissue protective cytokine was present in 

IS each lane of the gel indicating a high purity of the isolated cytokine. 

All the plasmids were transfected to either CHO-1 cells or COS-7 cells by using 
lipofectamine. Forty-eight to 72 hours post transfection media from the cells was collected. 
This media was tested for EPO by ELISA assay and used either directly or after purification 
in either the hematopoietic or neuronal assays. 

20 Mutations K45D, SIOOE, and A30N/EI32T to the human EPO cDNA sequence were 

introduced by oligo directed mutagenesis using following oligonucleotides: 

HEPO-SlOOE-upperS'-' 
CATGTGGATAAAGCCGTCGAGGGCCTTCGCAGCCTCACCACTCTG-3' (SEQ ID 

NO: 11) 

25 HEPO-SlOOE-lower 5'- 

CAGAGTGGTGAGGCTGCGAAGGCCCTCGACGGCTTTATCCACATG.3' (SEQ ID 

NO: 12) 

HEPO-K45D-upper5'- 
GAGAATATCACTGTCCCAGACACCGACGTTAATTTCTATGCCTGG-3* (SEQ ID 

30 NO: 13) 
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HEPO-K45D-lower 5'- 
CCAGGCATAGAAATTAACGTCGGTGTCTGGGAC^GTGATATTCrC-3' (SEQ ID 

NO: 14) 

hEPO-A30N/H32T-upper 5'- 
5 GAATATCACGACGGGCTGTAATGAAACCTGCAGCTTGAATGAG-3' (SEQ ID NO: 

132) 

hHPO-A30N/H32T-lowOT 5'- 
CTCATrCAAGCrGCAGGnTCATTACAGCCCGTCGTGATATTC-3' (SEQ ID NO: 

133) 

10 Oligomicleotide sequaices used in oligo directed mutagenesis for the other 

erythropoietin muteins and recombinaQt tissue protective cytokines of the invention include: 

ForRlSOEmutein: 

R150E-F GTCTACrCCAATTTCCTCGAGGGAAAGCTGAAGCTG, (SEQ ID 
NO: 120) 

15 R150E-R GCTTCAGCTTTCCCTCGAGGAAATTGGAGTAGAC (SEQ ID NO: 

121) 

ForR103Emutein: 

R103E-F CCGTCAGTGGCCTTGAGAGCCTCACCACTCTG, (SEQ ID NO: 122) 
20 R103E-R CAGAGTGGTGAGGCTCTCAAGGCCACTGACGG (SEQ ID NO: 123) 



For R103E/L108S(103) combination mutein: 

R103E-F CCGTCAGTGGCCTTGAGAGCCTCACCACTCTG (SEQ ID NO: 124) 
R103E-R CAGAGrGGTGAGGCTCTCAAGGCCACTGACGG (SEQ ID NO: 125) 
L108S(103>F CGCAGCCTCACCACTTCGCTTCGGGCTCTGG. (SEQ ID NO: 

126) 
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L108S(103)R CCAGAGCCCGAAGCGAAGTGGTGAGGCTGCG (SEQ ID NO: 

127) 

For 44-49 deletion 

<144-49F GAATATCACTGTCCCAGACGGTGGTGCCTGGAAGAGGATG, (SEQ 
ID NO: 128) 

d44-49R CATCCTCTTCCAGGCACCACCGTCTGGGACAGTGATATTC (SEQ 
ID NO: 129) 

ForKZOAmutein: 

IC20A-F TACCTCTTGGAGGCCGCGGAGGCCGAGAATATC, (SEQ ID NO: 

130) 

K20A-R GATATTCTCGGCCTCCGCGGCCTCCAAGAGGTA (SEQ ID NO: 131) 
ForKHOAmutem: 

K140A-F GCTGACACTTTCCGCGCACTCrrCCGAGTCTACTC, (SEQ ID NO: 

132) 

K140A-R GAGTAGACTCGGAAGAGTGCGCGGAAAGTGTCAGC (SEQ ID 
NO: 133) 

ForKlS2Amutein: 

K152A-F ATTTCCTCCGGGGAGCGCTGAAGCTGTACACAG, (SEQ ID NO: 

134) 
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K152A-R CTGTGTACAGCTTCAGCGCTCCCCGGAGGAAAT (SEQ ID NO: 

135) 

ForK154Amuteiji: 

5 K154A-F CTCCGGGGAAAGCTGGCGCTGTACACAGGGGA. (SEQ ID NO: 

136) 

K154A-R TCCCCTGTGTACAGCGCCAGCTTTCCCCGGAG (SEQ ID NO: 137) 
ForK45Amutein: 

10 K45A-F ACrGTCCCAGACACCGCAGTTAATTTCTATGCCTG, (SEQ ID NO: 

138) 

K45A-R CAGGCATAGAAATTAACTGCGGTGTCTGGGACAGT (SEQ ID NO: 

139) 

15 For K52A mutein: 

K52A-F AGTTAATTTCTATGCCTGGGCGAGGATGGAGGTCG, (SEQ ID NO: 

140) 

K52A-R CGACCTCCATCCTCGCCCAGGCATAGAAATTAACr (SEQ ID NO: 

141) 

20 

For K97A mutein: 

K97A-F TGCAGCTGCATGTGGATGCAGCCGTCAGTGGCC. (SEQ ID NO: 

142) 

K97A-R GGCCACTGACGGCTGCATCCACATGCAGCTGCA (SEQ ID NO: 

25 143) 

For Kl 1 6A mutein: 
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Kl 16A-F CTCTGGGAGCCCAGGCGGAAGCCATCTCCCCT. (SEQ ID NO: 144) 
K116A-RAGC3GGAGATGGCrTCCGCCTGGGCTCCCAGAG(SEQIDNO: 

145) 

S For Kl 40A/KS2A combmation mutein: 

K140A-F GCTGACACTTTCCGCGCACTCTTCCGAGTCTACTC, (SEQ ID NO: 

146) 

K140A-RGAGTAGACTCGGAAGAGTGCGCGGAAAGTGTCAGC (SEQ ID 
NO: 147) 

10 K52A-F AGTTAATTTCTATGCCTGGGCGAGGATGGAGGTCG, (SEQ ID NO: 

148) 

K52A-R CGACCTCCATCCTCGCCCAGGCATAGAAATTAACT (SEQ ID NO: 

149) 

15 For K140A/K52A/K45A combination mutein: 

K140A-F GCTGACACTTTCCGCGCACTCTTCCGAGTCTACTC, (SEQ ID NO: 

150) 

K140A-R GAGTAGACTCGGAAGAGTGCGCGGAAAGTGTCAGC (SEQ ID 
NO: 151) 

20 K52A-F AGTTAATTTCTATGCCTGGGCGAGGATGGAGGTCG, (SEQ ID NO: 

152) 

K52A-R CGACCTCCATCCTCGCCC AGGCATAGAAATTAACI (SEQ ID NO: 

153) 

K45A-F ACTGTCCCAGACACCGCAGTTAATTTCTATGCCTG, (SEQ ID NO: 

25 154) 

K45A-R CAGGCATAGAAATTAACTGCGGTGTCTGGGACAGT (SEQ ID NO: 

155) 
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For K97A/K152A combinatioa mutein: 

K97A-F TGCAGCTGCATGTGGATGCAGCCGTCAGTGGCC, (SEQ ID NO: 

156) 

5 K97A-R GGCCACTGACGGCTGCATCCACATGCAGCTGCA (SEQ ID NO: 

157) 

K152A-F ATTTCCTCCGGGGAGCGCTGAAGCTGTACACAG, (SEQ ID NO: 

158) 

K152A-R CTGTGTACAGCTTCAGCGCTCCCCGGAGGAAAT (SEQ ID NO: 

10 159) 

Fcff K97A/K152A/K45A combmation mutein: 

K97A-F TGCAGCTGCATGTGGATGCAGCCGTCAGTGGCC, (SEQ ID NO: 

160) 

15 K97A-R GGCCACTGACGGCTGCATCCACATGCAGCTGCA (SEQ ID NO: 

161) 

K152A-F ATTTCCTCCGGGGAGCGCTGAAGCTGTACACAQ. (SEQ ID NO: 

162) 

K152A-R CTGTGTACAGCTTCAGCGCTCCCCGGAGGAAAT (SEQ ID NO: 

20 163) 

K45A.F ACTGTCCCAGACACCGCAGTTAATTrCTATGCCTG, (SEQ ID NO: 

164) 

K45A-R CAGGCATAGAAATTAACTGCGGTGTCTGGGACAGT (SEQ ID NO: 

165) 

25 

For K97A/K152A/K45 A/K52A combinadon mutein: 
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K97A-F TGCAGCTGCATGTGGATGCAGCCGTCAGTGGCC, (SEQ ID NO: 

166) 

K97A-R GGCCACTGACGGCTGCATCCACATGCAGCTGCA (SEQ ID NO: 

167) 

5 K152A-F ATTTCCTCCGGGGAQCGCTGAAGCTGTACACAG, (SEQ ID NO: 

168) 

K152A-R CTGTGTACAGCTTCAGCGCTCCCCGGAGGAAAT (SEQ ID NO: 

169) 

K45A-F ACTGTCCCAGACACCGCAGTTAATTTCTATGCCTG, (SEQ ID NO: 

10 170) 

K45A-R CAGGCATAGAAATTAACTGCGGTGTCTGGGACAGT (SEQ ID NO: 

171) 

K52A-F AGTTAATTTCTATGCCTGGGCGAGGATGGAGGTCG, (SEQ ID NO: 

172) 

15 K52A-RCGACCTCX:ATCCTCGCCCAGGCATAGAAATTAACT(SEQIDN0: 
173) 



For K97A/K1 52A/K45A/K52A/K140A combination mutein: 

K97A-F TGC AGCTGCATGTGGATGCAGCCXjTCAGTGGCC, (SEQ ID NO: 

20 174) 

K97A-R GGCCACTGACGGCTGCATCCACATGCAGCTGCA (SEQ ID NO: 

175) 

K152A-F ATTTCCTCCGGGGAGCGCTGAAGCTGTACACAG, (SEQ ED NO: 

176) 

25 K152A.R CTGTGTACAGCITCAGCGCrCCCCGGAGGAAAT (SEQ ID NO: 

177) 
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K45A-F ACTGTCCCAGACACCGCAGTTAATTTCTATGCXrrG, (SEQ ID NO: 

178) 

K45A-R CAGGCATAGAAATTAACTGCGGTGTCTGGGACAGT (SEQ ID NO: 

179) 

5 K52A-F AGTTAATTTCTATGCCTGGGCGAGGATGGAGGTCG. (SEQ ID NO: 

180) 

K52A-R CGACCTCCATCCTCGCCCAGGCATAGAAATTAACT (SEQ ID NO: 

181) 

K140A-F GCTGACACTTTCCGaK:ACTCTTCCGAGTCTACTC, (SEQ ID NO: 

10 182) 

K140A-R GAGTAGACTCGGAAGAGTGCGCGGAAAGTGTCAGC (SEQ ID 
NO: 183) 



For K97A/K152A/K45A/K52A/K140AyK154A combination rautein: 

1 5 K97A-F TGCAGCTGCATGTGGATGCAGCCGTCAGTGGCC, (SEQ ID NO: 

184) 

K97A-R GGCX:ACTGACGGCTGCATCCACATGCAGCTQCA (SEQ ID NO: 

185) 

K152A-F ATTTCCTCCGGGGAGCGCTGAAGCTGTACACAG, (SEQ ID NO: 

20 186) 

K152A-R CTGTGTACAGCTTCAGCGCTCCCCGGAGGAAAT (SEQ ID NO: 

187) 

K45A-F ACrGTCCCAGACACCGCAGTTAATTTCTATGCCTG, (SEQ ID NO: 

188) 

25 K45A-R CAGGCATAGAAATTAACTGCGGTGTCTGGGACAGT (SEQ ID NO: 

189) 
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K52A-F AGTTAATTTeTATGCCTGGGCGAGGA.TGGAGGTCG, (SEQ ID NO: 

190) 

52A-R CGACCTCCATCCTCGCCCAGGCATAGAAATTAACT (SEQ ID NO: 

191) 

5 K140A-F GCTGACACnTCCGCGCACTCTTCCGAGTCTACTC, (SEQ ID NO: 

192) 

K140A-R GAGTAGACTCGGAAGAGTGCX3CGGAAAGTGTCAGC (SEQ ID 
NO: 193) 

K154A(152)F CTCCGGGGAGCGCTGGCGCTGTACACAGGGGA, (SEQ ID 
10 NO: 194) 

154(152)R TCCCCTGTGTACAGCQCCAGCGCTCCCCGGAG (SEQ ID NO: 

195) 

For N24K/N38K/N83K combination nintein: 

15 N24K-F CAAGGAGGCCGAGAAAATCACGACGGGCTGT, (SEQ ID NO: 196) 

N24K-R ACAGCCCGTCGTGATTTTCTCGGCCTCCTTG (SEQ ID NO: 197) 

N38K-F ACTGCAGCrrGAATGAGAAAATCACTGTCCCAGACAC. (SEQ ID 
NO: 198) 

N38K-R GTGTCTGGGACAGTGATnrCTCATTCAAGCTGCAGT (SEQ ID 
20 NO: 199) 

N83K-F AGGCCCTGTTGGTCAAATCTTCCCAGCCGTG, (SEQ ID NO: 200) 
N83K-R CACGGCTGGGAAGATTTGACCAACAGGGCCT (SEQ ID NO: 201) 

ForK152Wmutein: 

25 K152W-F ATTTCCTCCGGGGATGGCTGAAGCTGTACACAG, (SEQ ID NO: 

202) 
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K152W-R CTGTGTACAGCTTCAGCCATCCCCGGAGGAAAT (SEQ ID NO: 

203) 

For R14A/Y15A combination mutein: 

5 RY14AA-F AGCCGAGTCCTGGAGGCGGCCCTCTTGGAGGCCAA, (SEQ ID 

NO: 204) 

RY14AA-R TTGGCCTCCAAGAGGGCCGCCTCCAGGACTCGGCT (SEQ ID 
NO: 205) 

Y15A-F AGCCGAGTCCTGGAGAGGGCCCTCTTGGAGGCCAA (SEQ ID NO: 

10 206) 

Y15A-R TTGGCCTCCAAGAGGGCCCTCTCCAGGACTCGGCT (SEQ ID NO: 

207) 

The following are examples of constructs tliat were made: human EPOQsEPOy 
6xHisTag-pCiNeo sequence (SEQ ID NO: 208); hEPO6xHisTag-A30N/H32T-pCiNeo 
15 (SEQ ID NO: 209); hEPO-6xHisTag-K45D-pCiNeo sequence (SEQ ID NO: 210); hEPO- 
6xHisTag-S100&-paNeo sequence (SEQ ID NO: 21 1); and hEP0-6xHisTag- 
K45D/S100E-pCiNeo sequence (SEQ ID NO: 212). The pCI-neo mammalian expression 
vector carries the human cytomegalovirus (CMV) immediate-early enhancer/promoter 
region to promote constitutive expression of cloned DNA inserts in mammalian cells. 

20 These oligonucleotides were annealed to the original human erythropoietin cDNA 

clone in pCiNeo to introduce the mutations. Mutant clones were sequenced to confirm the 
mutations. All the plasmids were transfected to either CHO-1 cells or COS-7 cells by using 
Upofectamine. At 48 to 72 hours post-transfection media from the cells was collected. This 
media was tested for erythropoietin by ELISA assay and used either directly or after 

25 purification in either the hematopoietic or neuronal assays. 

Subsequently, both the K45D and SIOOE recombinant tissue protective cytokines 
were tested within a neuronal assay. Specifically, an in vitro neuroprotection assay using 
SK-N-SH neuroblastoma cells was used. SK-N-SH cells were plated at a density of 40,000 
cells/well in 24 well plates for 24 hours. Then recombinant tissue protective cytokines were 
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added at a concentration of 3 nM for an additional 24 hours Oarythropoietin = commercial 
prq)aration; EPO = erythropoietin and recombinant tissue protective cytokmes expressed in 
CHO cells; pure vector = cell supemantant ftom CHO cells transfected with vpctor without 
Epo construct). After this preincubation, cells were exposed to rotenone (5 /iM) for 4 hours, 
5 washed, and left to recover for 24 hours. The indicated EPO variants were present during 
all these steps. Cell viability was quantitated at the end of the experiment by incubation of 
cells with the tetrazolium dye WST-1 (according to manufacturer's instructions: Roche # 
1644807) for 2 hours, and the viability was indicated as absorbance reading. 

Figure 6 A and 6B indicates the results of the SK-N-SH neuroblastoma cell 
10 neuroprotection assay (against rotenone) for erythropoietin as well as the recombinant tissue 
protective cytokines with the K45D and SIOOE recombinant tissue protective cytokines. 
The y-axis on the graph indicates the absorbance readings, and the data are means ± range 
of duplicate determinations. The graph within Figure 6 A clearly indicates that the viability 
of the cells witbin the K45D and SIOOE samples maintained their viability demonstrating 
15 their cellular protective effect Figure 6B shows the plasmid map of hEP0-6xHisTag- 
PCiNeo. 

6.4. EXAMPLE 4: TISSUE PROTECTIVE CYTOKINES 

Recombinant tissue protective cytokines desirable for the uses described herein may 
be further modified by desialation, guanidination, carbamylation, amidination, 

20 trinitrophenylation, acetylation, succmylation, nitration, or modification of arginine residues 
or carboxyl groups, among other procedures. Alternatively, these modifications may be 
made to native erythropoietin or a derivative of erythropoietin, including, but not limited to, 
desialylated, guanidinated, carbamylated, amidmated, trinitrophenylated, acetylated, 
succinylated, or nitrated erythropoietin, prior to its mutation into a recombinant tissue 

25 protective cytokines. Some examples of furthCT modifications to recombinant tissue 

protective cytokines are described below. One of ordinary skill in the art would understand 
that the procedures listed below may also be used to chemically modify native 
erythropoietin or its derivatives prior to the introduction of mutations to generate a 
recombinant tissue protective cytokme. 

30 6.4.1. Desialylating Recombinant Tissue Protective Cytokines. 

A recombinant tissue protective cytokines may be desialylated by the following 
exemplary procedure. SiaUdase (isolated fit>m Streptococcus sp 6646K.) is obtained fix>m 
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SEIKAGAKU AMERICA (Code No. 120050). The recombinant tissue protective cytokine 
is subjected to desialylation by sialidase (0.025 U/mg EPO) at 37 C for 3 h. Desalt and 
concentrate the reaction mixture by Ultrafiree Centrifugal Filter Unit Apply sample to an 
ion exchange column in AKTAprime™ system. Blute protein with the selected buffers. 
5 Perform lEF gel analysis of the eluted fractions containing a significant amount of protein. 
Pool the fractions containing only the top two bands (migrating at pi -8.5 and -7.9 on lEF 
gel). Determine the protein content and add 1/9 volumes of 10 x salt solution (1 M NaCl, 
0.2 M sodium citrate, 3 mM citric acid). Determine the sialic acid content. No significant 
sialic content is detected. 

10 Asialoerythropoietin was as effective as native erythropoietin for neural cells in vitro 

as shown in Figures 7-8. In-vitro testing was carried out using neural-like embryonal 
carcinoma cells (P19) that undergo apoptosis upon the withdrawal of serum. Twenty-four 
hours before the removal of serum, 1-1000 ng/ml of erythropoietin or a modified 
erythropoietin was added to the cultures. The following day the medium was removed, the 
15 cells washed with fresh, non-serum containing medium, and medium containing the test 

substance (no serum) added back to the cultures for an additional 48 hours. To determine 

the number of viable cells, a tetrazolium reduction assay was performed (CellTiter 96; 

Promega, Inc.). As Figures 7-8 illustrate, asialoerythropoietin appears to be of equal 

potency to erythropoietin itself in preventing cell death. 

20 Retention of neuroprotective activity in vivo was confirmed using a rat focal 

ischemia model in which a reversible lesion in the territory of the middle cerebral artery is 
performed as described previously (Brines et al, 2000, Proc. Nat. Acad. Sci. U.S.A. 
97:10526-31). Adult male Sprague-Dawley rats were administered asialoerythropoietin or 
erythropoietia (5000 U/kgBW faitraperitoneally) or vehicle at the onset of the arterial 

25 occlusion. Twenty-four hours later, the animals were sacrificed and their brains removed 
for study. Serial sections were cut and stained with tetrazolium salts to identify living 
regions of Ihe brain. As shown in Figure 9, asialoerythropoietin was as effective as native 
erythropoietin in providing neuroprotection, i.e. reducing infarctvolume, from 1 hour of 
ischemia. Figure 10 shows Ihe results of another fbcal ischemia model in which a 
30 comparative dose response was performed with erylhropoietm and asialoerythropoietm. At 
the lowest dose of 4 jitg /kg, asialoerythropoietin afforded protection whereas unmodified 
erythropoietin did not. The number of rats in each group, n, was greater than or equal to 4, 
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Similar results would be expected firom asialo recombinant tissue protective 
cytokines of the presrait inventioiL 

6AJ2. Carbamylating Recombinant Tissue Protective Cytokine, 

The recombinant tissue protective cytokine may be used to prepare the respective 
5 carbamylated molecules, in accordance with the following procedure, as described in Jin 
Zeng (1991). Lysine modification of metallothionein by carbamylation and guanidination. 
Methods in Enzymology 205: 433-437. Recrystallize potassium cyanate. Prepare 1 M 
Borate buffer (pH 8.8). Mix a recombinant tissue protective cytokine solution with equal 
volume of borate buffer. Add potassium cyanate directly to the reaction tube to a final 
10 concentradon of 0.5 M. Mix well and mcubate at 37 C for 6-16 h. Dialyze thoroughly. 
Remove the product firom the dialysis tubing and collect into a fresh tube. Measure the 
volume and add 1/9 volume of 10 X salt solution (1 M NaCl, 0.2 M sodium citrate, 3 mM 
citric acid). Determine the protein content arid calculate the product recovery rate. Analyze 
the products by lEF gel followed by an in vitro test with TF-1 cells. 

1 5 6.4.3. Succinylating Recombinant Tissue Protective Cytokines. 

The recombinant tissue protective cytokine may be used to prepare the respective 
succinylated molecule, in accordance with the following procedure, as described in Alcalde 
et aL (2001). Succinylation of cyclodextrin glycosyltransferase from Thermoanaerobacter 
sp. 501 enhances its transferase activity using starch as donor. J. Biotechnology 86: 71-80. 
20 Recombmant tissue protective cytokine (1 00 ug) in 0.5 M NaHC03 (pH 8.0) was incubated 
widi a 15 molar excess of succinic anhydride at 15 C for 1 hour. The reaction was stopped 
by dialysis against distilled water. 

Dissolve succinic anhydride in dry acetone at 27 mg/ml. Do the reaction in an 
eppendorf tube in 10 mM sodium phosphate buffa: (pH 8.0). Add recombinant tissue 

25 protective cytokine protein and 50-fold molar of succinic anhydride to the tube. Mix well 
and rotate the tube at 4 C for 1 h. Stop the reaction by dialysis against 10 mM sodium 
phosphate buffer, usmg the Dialysis cassette (Slide-A-Laze 7K, Pierce 66373). Remove the 
product from flie dialysis cassette and collect into a ficesh tube. Measure the volume and add 
1/9 volume of 10 X salt solution (1 M NaCl, 0.2 M sodium citrate, 3 mM citric acid). 

30 Determine the protein content and calculate the product recovery rate. Analyze the products 
by lEF gel followed by an in vitro test with TF-1 cells. 
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6.4.4. Acdylathig Recomblnaiit Tissue Protective Cytokine. 

The recombinant tissue protective cytokine may be used to prepare tbe respective 
acetylated molecule, in accordance with the following procedure, as described in Satake et 
a/ (1990). Chemical modification of erythropoietin: an increase in <n-vi<ro activity by 
5 goanidination. Biochimica et Biophysica Acta. 1038: 125-129. 

Perfoim the reaction in an eppendorf ttibe in 80 mM sodium phosphate buffer (pH 
7,2). AddrecombinanttissueprotectivecytokineandequalmolarofacBticanhydride. Mix 
weU and incubate on ice for 1 h. Stop the reaction by dialysis against water, using the 
Dialysis cassette (Slide-A-Laze 7K. Pierce 66373). Remove Ihe product from the dialysis 
10 cassette and collect into a fresh tube. Measure lixe volume and add 1/9 volume of 10 X salt 
solution (1 MNaa, 0.2 M sodium citrate, 3 mM citric acid). Determine the protein content 
andcalculatetheproductrecoveryrate. Analyze the products by EF gel followed by an i« 
vitro test with TF-1 cells. 

6A3. Carboxymethylatiiig Lysine of Recombinant Tissue Protective Cytokine. 

15 The recombinant tissue protective cytokine maybe used to prepare Qie respective 

ND-(carboxymethyl)lysine (CML)modified molecules in which one or more lysyl residues 
of the recombinant tissue protective cytokine are modified, in accordance with the following 
procedure, as described in Akhtar et al (1999) Conformational study of ND- 
(carboxymethyl)lysine adducts of recombinant a-crystallins. Current Eye Researdi, 18: 

20 270-276. 

Freshlyprepare 200 mM of glyoxyUc acid and 120 mM of NaBH3CN in sodium 
phosphate buffer (50 mM, pH 7.5). In an eppendorf tube, add recombinant tissue protective 
cytokine (in phosphate buffer); calculate the lysine equivalent in the solution (about 8 lysine 
residues/mol). Add3-times greater NaBH3CN and 5 or 10-times greater glyoxylic acid to 
25 the tube. Vortex each tube and incubate at 37 C for 5 h. Dialyze the samples against 
phosphate buffer overnight at 4 C. Measure tte volyme of each product after dialysis. 
Determine protan concentration and calculate the product recovery rate. Analyze the 
products by lEF gel followed by an in vitro test with TF-1 cells. 

6.4.6. lodinating Recombinant Tissue Protective Cytokine 

30 A recombinant tissue protective cytokine may be used to prepare the respective 

iodinated molecule, in accordance with the following procedure, as described in instruction 

105 



V/O 2004/003176 



PCt/US2003/020964 



provided by Pierce Chemical Company (Rockford, IL) for lODO-Gen Pre-Coated 
lodinalion Tubes (product # 28601). 

Prepare 0. 1 M of Nal and perform iodination in lODO-Gen Pre-Coated lodination 
Tube (Pierce, 28601), with total reaction volume of 0.1 ml/tube in sodium phosphate buflEer 

5 (40 mM, pH 7.4). Mix the protein substrate (recombinant tissue protective cytokine) with 
sodium phosphate buffer and then transfer to an lODO-Gen Pre-Coated lodination Tube. 
Add Nal to final concentration of 1 - 2 mM, making the molar ration of Nal/protein as 14- 
20. Mix well and incubate at room temperature for 15 min with gentle agitation. Stop the 
reaction by removing the reaction mixture and add to a tube containing 3 .9 ml of sodium 

1 0 buffer (i.e., a 40-fold dilution). Concentrate the product by a pre-wet Ultrafree centrifugal 
filter unit. Measure the volume of concentrate and add 1/9 volume of 10 X salt solution (1 
M NaCl, 0.2 M sodium citrate, 3 mM citric acid). Determine protein concentration and 
calculate the product recov^ rate. Analyze the products by lEF gel followed by an wi vitro 
test with TF-1 cells. 

1 5 Alternatively the recombinant tissue protective cytokine may be iodiaated using the 

following procedure. One lodo Bead (Pierce, Rockford, II) was incubated in 100 ul PBS 
(20mM sodium phosphate, 0.15M NaCl, pH7.5) containing 1 mCi free Nal25I for 5 
minutes. One hundred micrograms of recombinant tissue protective cytokine in 100 ul 
PBS was then added to the mixture. After a ten minute incubation period at room 

20 temperature, the reaction was stopped by removing the 200 ul solution firom the reaction 

vessel (leaving the iodo bead behind). The excess iodine was removed by gel filtration on a 
Centricon 10 column. As shown in Figure 11, iodo-erythropoietin produced in this manner 
is efficacious in protecting P19 cells firom serum withdrawal. One of ordinary skill in the 
art would recognize that similar results would be expected from the iodination of a 

25 recombinant tissue protective cytokine of the present invention. 

Yet another method for iodinating a recombinant tissue protective cytokine is 
outlined below. One Hundred micrograms of recombinant tissue protective cytokine in 100 
ul PBS was added to 500 uCi Nal25I were mixed together in an eppendorf tube. Twaity- 
five miaoliters of chloramines T (2 mg/nd) was then added and the mixture was incubated 
30 for 1 minute at room temperature. Fifty microliters of Chloramine T stop buffer (2.4 mg/ml 
sodium metabisulfite, 10 mg/ml tyrosine, 10% glycerol, 0.1% xylene in PBS was then 
added. The iodotyrosine and iodinated recombinant tissue protective cytokine were then 
separated by gel filtration on a Centricon 10 column. 
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6.4.7. Biotinyladug Recombinant Tissue Protective Cytoldnc. 

A recombmant tissue protective cytokine may be used to prepare the respective 
biotinylated molecules, in accordance with the foUowing procedure, as described in 
instruction provided by Pierce Chemical Company (RDckfor4 IL) forEZ-LinkNHS-LC- 
5 Biotin (product # 21336). 

Immediately before liie reaction, dissolve EZ-Link NHS-LC-Biotin (pierce, 21336) 
in DMS6 at 2 mgtoL Perform flie reaction in a tube (17 x 100 mm) with total volume of 1 
ml containing 50 mM sodhim bicarbonate (pH 8.3). Add recombinant tissue protective 
cytokine and < 1 0% of EZ-Link NHS-LC-Biotin, with molar ratio of Biotin/protdn at ~ 20. 
10 Nfibi weU and incubate on ice for 2 h. Desalt and concentrate the reaction product by 

atrafiee centri&gal filter unit. CoUect the product into a fresh tube. Measure the volume 
and add 1/9 volume of 10 X salt solution (1 M NaQ, 02 M sodium citoate, 3 mM citric 
acid). Detennine the protein content and calculate the product recovery rate. Analyze the 
products by lEF gel followed by an in vitro test witih TF-1 cells. 

15 A method for biotinylating the free amino groups of a recombinant tissue protective 

cytokine is disclosed below. 0.2 mg D-biotinoyl-e-aminocaproic acid-N- 
hydroxysuccinimide ester (Boehringer Mannheim #1418165) was dissolved in 100 ul 
DMSO. This solution was combined with 400 ul PBS containing approximately 0.2 mg 
recombinant tissue protective cytokine in a foU covered tube. After incubation for 4 hours at 

20 room temperature, the unreacted biotm was separated by gel filtration on a Centricon 10 . 
column. As shown in Figure 12, this biotinylated erythropoietin protects pl9 cells from 
serum withdrawal. One of ordinary skill in the art would recognize that similar results 
would be expected from the biotinylation of a recombinant tissue protective cytokine of the 
present invention. 

25 Lastly, in "Biotinylated recombinant human erythropoietins: Bioactivity and Utility 

as a receptor Ugand" by Wojchowski et al. Blood, 1989, 74(3):952-8, ttie authors use three 
different methods of biotinylating erythropoietin. Biotin is added to (1) the siaUc add 
moieties; (2) carboxylate groups; and (3) amino groups. The authors use a mouse spleen 
cell proliferation assay to demonstrate that (1) the addition of biotin to the siaUc add 

30 moieties does not inactivate the biological activity of erythropoietin; (2) liie addition of 
biotin to carboxylate groups led to substantial biolopcal inactivation of erythropoietin; (3) 
the addition of biotin to ammo groups resulted in conq>lete biological inactivation of 
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erythropoietin. These methods and modifications are My embraced herein. Figure 12 
shows the activity of biotinylated erytbiopoietin and asialoery&ropoietin in the serum- 
starved P19 assay. One of ordinary skill in the art would recognize that similar results 
would be expected from the iodination of a recombinant tissue protective cytokine of the 
5 present invention, see Section 6. 1 5, 

6.5. EXAMPLE 5: MODBBICATION OF RECOMBINAOT TISSUE 
PROTECTIVE CYTOKINES BY OTHER METHODS 

6.5.1. Trmitrophenylation 

Recombinant tissue protective cytokine (100 ug) was modified with 2,4,6- 
10 trinitrobenzenesulfonate as described in Plapp et al ("Activity of bovine pancreatic 

deoxyribonuclease A with modified amino groups" 1971, J. Biol Chem. 246, 939-845), 

6.5.2. Arginine modifications 

Recombinant tissue protective cytokine was modified witii 2,3 butanedione as 
described in Riordan (*Tunctional arginyl residues in carboxypeptidase A. Modification 
15 with butanedione" Rioidan JF, Biochemistry 1973, 12(20): 3915-3923). 

In another modification wherehi the amino acid residues of erythropoietin are 
modified, arginine residues were modified by using phenylglyoxal according to the protocol 
of Takahashi (1977, /. Biochem. 81:395-402) carried out for variable lengths of time 
ranging from 0,5 to 3 hrs at room temperature. The reaction was temiinated by dialyzing 
20 the reaction mixture against water. Use of such modified forms of erythropoietin is fiilly 
embraced herein. The phenjdglyoxal-modified erythropoietin was tested using the neural- 
like P19 cell assay described above. As Figure 13 illustrates, this chemically-modified 
erythropoietin fidly retains its neuroprotective effects. Similar results form a similarly 
modified recombinant tissue protective cytokine of the present inventioiL 

25 A recombinant tissue protective cytokine was modified with cylcohexanone as in 

Patthy et al ("Identification of ftmctional arginine residues in ribonuclease A and lysozyme' 
Patthy, L, Smith EL, I. Biol. Chem 1975 250(2): 565-9). 

A recombinant tissue protective cytokine was modified with phenylglyoxal as 
described in Werber et al. ('Troceedings: Carboxypeptidase B: modification of ftmctional 
30 arginylresidues" Werber, MM, SokolovskyMIsr J Med Sci 1975 11(11): 1169-70). 
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6.5.3. Tyrosine modifications 

Recombinant tissue protective cytokine (100 ug) was incubated wifh 
tetranitromethane as previously described in Nestler et al "Stimulation of lat ovarian cell 
steroidogenesis by high density lipoproteins modified with tetranitromethane" Nestler JE, 
5 Chacko GK, Strauss IF 3rd, J Biol Chem 1985 Jun 25;260(12);73 16-21). 

6.5.4. Glutamic acid (and aspartic add) modifications 

In order to modify carboxyl groups, recombinant tissue protective cytokine (100 ug) 
was incubated with 0.02 M EDC in IM glycinamide at pH 4.5 at room temperature for 60 
minutes as described in Carraway et al "Carboxyl group modification in chymotrypsin and 
10 chymotrypsinogen," Carraway KL, Spoerl P, Koshland DE Jr. J Mol Biol 1969 May 
28;42(l):133-7. 

6.5-5. Tryptophan residue modifications 

A recombinant tissue protective cytokine (100 ug) was incubated with 20 uM n- 
bromosuccinimide in 20 mM potassiimi phosphate bufifer (pH 6.5) at room temperature as 
15 described in AU et al, J Biol Chan. 1995 Mar 3;270(9):4570-4. The number of oxidized 
tryptophan residues was determined by the method described in Korotchkina (Korotchkina, 
LG et al Protein Expr Purif. 1995 Feb;6(l):79-90). 

6.5.6. Removal of amino groups 

In order to remove amino groups of recombinant tissue protective cytokines 100 ug 

20 was incubated with in PBS (pH 7.4) containing 20mM ninhydrin (Pierce Chemical, 

Rockford, H), at 37 C for two hours as m Kokkini et al (Kokkini, G., et al 'Modification of 

hemoglobin by ninhydrin" Blood, VoL 556, No 4 1980: 701-705). Reduction of the 

resulting aldehyde was accomplished by reacting ttie product with Sodium borohydride or 

lithium aluminum hydride. Specifically, erythropoietin (100 ug) was incubated with O.IM 

25 sodium borohydride in PBS for 30 minutes at room temperature. The reduction was 

tennmated by cooling the samples on ice for 10 minutes and dialyzing it against PBS, three 

times, overnight (Kokkini, G., Blood, Vol 556, No 4 1980: 701-705). Reduction using 

lilhium aluminum hydride was accomplished by incubatmg recombinant tissue protective 

cytokine (100 ug) with O.IM lithium aluminum hydride in PBS for 30 minutes at room 

30 tanperature. The reduction was terminated by cooling the samples on ice for 10 mrautes 

and dialyzing it against PBS, three times, overnight 
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6.5.7. Disulfide reductioii and stabilization 

A recombinant tissue protective cytokine (100 ug) was incubated with 500 mM DTT 
for 15 minutes at 60 C. 20 mM iodoacetamide in water was then added to the naixture and 
incubated for 25 minutes, at room temperature in the dark. 

5 6.5.8. Limited proteolysis 

A recombinant tissue protective cytokine can be subjected to a limited chanical 
proteolysis that targets specific residues. A recombinant tissue protective cytokine can be 
reacted with 2-(2-nitrophenylsulfeayl>3-mefhyl-3*-bromoindolenine which cleaves 
specifically after tryptophan residues in a 50 times excess in 50% acetic acid for 48 hours in 
10 the dark at room temperature in tubes capped under nitrogen pressure. The reaction was 
terminated by quenching with tryptophan and desalting. 

As noted above, a recombinant tissue protective cytokine may be modified, yet 
multiple modifications as well as additional modifications of the tissue protective cytokine 
molecule may also be performed without deviating &om the spirit of the present invention. 

15 



6.6. EXAMPLE 6: TISSUE PROTECTIVE CYTOKINES HAVE NEURO 

PROTECTIVE EFFECT 
The neuroprotective affects of chemically modified erythropoietin was evaluated 
20 using a water intoxication assay in accordance with Manley et aL^ 2000, Aquaporin-4 

deletion in mice reduces brain edema after acute water intoxication and ischemic stroke, Nat 
Med 2000 Feb;6(2): 159-63. Female C3H/HEN mice were used. The mice were given 20% 
of their body wei^t as wat^ IP with 400 ng/kg bw DDAVP (desmopressin). The mice 
were administered erythropoietm (A) or a tissue protective cjrtokine: asialoerythropoietin 
25 (B), carbamylated asialoerythropoietm (C); succinylated asialoerythropoietin (D), acetylated 
asialoerythropoietin (E); iodinated asialoerythropoietin (F); carboxymethylated 
asialoerythropoietin (G); carbamylated eryflmjpoietin (S)\ acetylated erythropoietin 
iodinated erylbropoietm (J) or N*-carboxy mettxyl erythropoietin (K). The mice were given 
a 100 microgram/kg dose of erythropoietin or chemically modified erythropoietin 
30 intraperitoneally 24 hrs before administration of the water and agam at the time of the water 
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administration. A modified scale from Manleye^ a/, was used to evaluate the mic^^ The 
modified scale is as listed below: 
Explores cage/table 

Yes 0 
5 No 1 

Visually tracks objects 

Yes 0 
No 1 
Whisker movement 
10 Present 0 

Absent 1 
Leg-tail movements 

Normal 0 
Stiff 1 
15 Paralyzed 2 



20 



25 



Pain withdrawal (toe pinch) 

Yes 0 

No 1 
Coordination of movement 

Normal 0 

Abnormal 1 
Stops at edge of table 

Yes 0 

No 1 

Total score possible : 8 
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The mice were scored at the following time points: 15, 30, 45, 60, 75, 90, 120, 150, 
and 1 80 minutes. Figure 14 plots the performance of the mice that received erythropoietin 
or the chemically modified erythropoietin as a percentage of the neuronal deficit 
experienced by the control mice. Figure 14 shows that the tissue protective cytokines 
5 protecttheniicefix)mtheneurologicaltraumainducedby the water intoxication. Similar 
results would be expected from recombinant tissue protective cytokines with similar 
chemical modifications. Statistical significance was also detenmned. Those administration 
regimens with significant differences, p< 0.05, in comparison to controls are indicated with 
*, while those with highly significant differences, p< 0.01, are indicated by **. 

10 6.7. EXAMPLE 7: MAINTENANCE OF FUNCTION IN HEART 

PREPARED FOR TRANSPLANTATION 

Wistar male rats weighing 300 to 330g are given erythropoietin (5000 U/kg body 
weight) or vehicle 24h prior to removal of the heart for ex vivo studies, done in accordance 
with the protocol of Delcayre et a/., 1992, Amer, J. Physiol 263:H1537-45. Animals are 

1 5 sacrificed wift pentobarbital (O.SmL), and intravenously heparinized (0.2mL). The hearts 
are initially allowed to equilibrate for 1 5 min. The left ventricular balloon is then inflated to 
a volume that gives an end-diastolic pressure of 8 mm Hg. A left ventricular pressure- 
volume curve is constructed by incremental inflation of the balloon volume by 0.02 ml 
aliquots. Zero volume is defined as the pomt at which the left ventricular cnd-diastoIic 

20 pressure is zero. On completion of the pressure-volume curve, the left ventricular balloon is 
deflated to set end-diastolic pressure back to 8mmHg and the control period is pursued for 
1 5 min, after check of coronary flow. Then the heart is arrested with 50 mL Celsior + 
molecule to rest at 4°C under a pressure of 60cm H2O. The heart is then removed and stored 
for 5 hours at 4°C in plastic container filled with the same solution and surrounded with 

25 crushed ice. 

On completion of storage, the heart is transferred to a Langendorf apparatus. The 
balloon catheter is reinserted into flie left ventricle and re-hiflated to the same volume as 
during preischamic period. The heart is re-perfused for at least 2 hours at 37°C. The re- 
perfusion pressure is set at 50 cm H2O for 1 5min of re-flow and then back to 100 cm H2O for 
30 the 2 next hours. Pacing (320 beats per minute) is re-instituted. Isovolumetric 

measurements of contractile indexes and diastolic pressure are takm in triplicate at 25, 45, 
60, and 120 min of reperfiision. At this time point pressure volume curves are performed 
and coronary effluent during the 45inn reperfiision collected to measure creatine kinase 
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leakage. The two treatment groups are compared using an unpaired t-test, and a linear 
regression using ttie emd-diastolic pressure data is used to design compUance curves. As 
shown in Bigure IS, significant improvement of left ventricular pressure developed occurs 
after treatment with erythropoietin, as well as improved volume-pressure curve, decrease of 
5 left diastolic ventricular pressure and decrease of creatine kinase leakage. Similar results 
would be expected from treatment with recombinant tissue protective cytokines of Ihe 
present invention. 

6,8. EXAMPLE 8: ERYTHROPOIETIN PROTECTS MYOCARDIUM 
FROM ISCHEMIC INJURY 

10 Adult male rats givai recombinant human erythropoietin (5000 U/kg body weight) 

24 hrs previously are anesthetized and prepared for coronary artery occlusion. An additional 
dose of eryttiropoietin is given at the start of the procedure and the left main coronary artery 
occluded for 30 minutes and then released. The same dose of erythropoietin is given daily 
for one week after treatment. The animals are then studied for cardiac fimction. As 

15 Rgure 16 illustrates, animals receiving a sham injection (saline) demonstrated a large 
increase in the left end diastolic pressure, indicative of a dilated, stiff heart secondary to 
myocardial infarction. In contradistinction, animals receiving erythropoietin suffered no 
decrement in cardiac ftmction, compared to sham operated controls (difference significant at 
the p < 0.01 level). Similar results would be expected from treatment with recombinant 

20 tissue protective cytokines of the present invention. 

6.9. EXAMPLE 9: PROTECTION OF RETINAL ISCHEMIA BY 
PERIPHERALLY-ADMINISTERED ERYTHROPOIETIN. 

Retinal cells are very smsitive to ischemia such that many will die after 30 mimites 
of ischemic stress. Further, subacute or chronic ischemia underhes the deterioration of 

25 vision which accompanies a number of common human diseases, such as diabetes mellitus, 
glaucoma, and macular d^oaeration. At the present time there are no effective therapies to 
protect cells from ischemia. A tight endothelial bamer exists between tiie blood and the 
retina that excludes most large molecules. To test wheflier peripherally-administered 
erythropoietin will protect cells sensitive to ischemia, an acute, reversible glaucoma rat 

30 model was utilized as described by Rosenbaum et al (1997; Vis. Res. 37:3443-51), 

Specifically, saline was injected into the anterior chamber of Ihe eye of adult male rats to a 
pressure above systemic arterial pressure and maintained for 60 minutes. Animals were 
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administered saline or SOOO U erytbropoietin/kg body weight intraperitoneally 24 hours 
before the induction of ischemia, and continued as a daily dose for 3 additional days. 
Hectroretinography was poformed on dark-ad^ted rats 1 week after treatment, figure 17- 
18 illustrate that the administration of erythropoietin is associated with good preservation of 
5 the electroretmogram (ERG) (Figure 17, Panel D), in contrast to animals treated with saline 
alone (Figure 17, Panel Q, for which very little function iraiained. Figure 18 compares the 
electroretinogram a- and b-wave amplitudes after 60 minutes ischemia for the 
erythropoietin*treated and saline-treated gro\q)s, and shows significant protection afforded 
by erythropoietin. Similar results are obtainable fix>m treatment v^th recombmant tissue 
10 protective cytokines of the present invention. 

6.10. EXAMPLE 10: RESTORATIVE EFFECTS OF ERYTHROPOIETIN 
ON DIMINSHED COGNITIVE FUNCTION ARISING FROM BRAIN 
INJURY 

In a study to demonstrate the ability of erythropoietin to restore diminished 

15 cognitive Amotion in mice after receiving brain trauma, female Balb/c mice were subject to 
blunt brain trauma as described in Brines et al PNAS 2000, 97; 10295-10672 and five days 
later, daily erythropoietin administration of 5000 U/kg-bw intraperitoneally began. Twelve 
days after injury, animals were tested for cognitive fimction in the Morris water maze, with 
four trials per day. While both treated and untreated animals performed poorly in the test 

20 (with swim tunes of about 80 seconds out of apossible 90 seconds). Figure 19 shows the 
results of the Morris Water maze test, with each group of mice, n=l 6, after blunt brain 
trauma with EPO administration beginning on day 5 after injury. The first test began I 
week after EPO dosing began (12 days after injury). Both groups of animals did poorly 
with swim times - 80 out of 90 seconds possible. The erythropoietin-treated animals 

25 performed better (in this presentation, a negative value is better). Means of 4 trials per day 
were used. Figure 19 shows that. Even if the mitiation of erythropoietin treatment is 
delayed until 30 days after trauma (Figure 20), restoration of cognitive fimction is also 
seen. In Figure 20, the each group of mice, n=7, were treated with 5000 U/kg EPO daily 
except on weekends, beginning one month after injury. Means of trials were also 4 trials 

30 each day. Similar results are obtainable from treatment with recombinant tissue protective 
cytokines of the present invention. 

6J1. EXAMPLE 11: KAINATE MODEL 
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In the kainate neurotoxicity model, asialoerylhropoietm was administered according 
to the protocol of Brines et al Proc. Nat Acad. Sci. U.S.A. 2000, 97; 10295-10672 at a 
dose of 5000U/kg-bw given intraperitoneally 24 hours before the administration of 25 
mg/kg kainate is shown to be as effective as erythropoietin, as shown by time to death 
5 (Figure 21). Similar results are obtainable from treatment with tissue protective cytokines 
of the present invention. 

6.12, EXAMPLE 12: SPINAL CORD INJURY MODELS 

6.12.1. Rat Spinal Cord Compression Testing Erythropoietin and Tissue 

Protective Cytoldnes 

10 Wistar rats (female) weighing 1 80-3 OOg were used in this study. The ammals were 

fasted for 12 h before surgery, and were humanely restramed and anesthesized with an 
intraperitoneal injection of thiopental sodium (40 mg/kg-bw). After infiltration of the skin 
(bupivacaine 0.25%), a complete smgle level (T-3) laminectomy was performed tinough a 2 
cm incision with the aid of a dissecting microscope. Traumatic spioal cord injury was 

15 mduced by the extradural application of a temporary aneurysm cUp exerting a 0.6 newton 
(65 grams) closing force on the spinal cord for 1 minute. After removal of the clip, the skin 
incision was closed and the animals allowed to recover fully from anethesia and returned to 
their cages. The rats were monitored continuously with bladder palpation at least twice daily 
until spontaneous voiding resumed. 

20 Forty ammals were randomly divided into five groups. Animals in the control group 

(I) (n= 8) received normal saline (via intravenous injection) immediately after the incision is 
closed. Group (H; n- 8) received rhEPO @ 16 micrograms/kg-bw iv; group (HI) received 
an asialo tissue protective cytokine of the present invention (asialoerythropoietin) @ 16 
micrograms/kg-bw iv, group (IV) received an asialo tissue protective cytokine @ 30 

25 micrograms/kg-bw iv, and group (V) received an asialo tissue protective cytokme of the 
present mvention (asialoerythropoietin) @ 30 micrograms/kg-bw; all as a single bolus 
intravenous injection immediately after removal of the aneurysm clip. 

Motor neurological function of the rats will be evaluated by use of the locomotor 
rating scale of Basso et al In this scale, animals are assigned a score rangmg from 0 (no 
30 observable hindlhnb movements) to 21 (normal gait). The rats will be tested for functional 
deficits at 1, 12, 24 , 48, and 72 hours and flien at 1 week after injury by the same examiner 
who is blmd to the treatment each animal receives. 
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Figure 22 is a graph demonstrating the locomotor ratings of the rats recovering from 
the spinal cord trauma over a period of thirty days. As can be seen from the graph, the rats 
that were given erythropoietin (group II) or tissue protective cytokines (groups III-V) 
recovered from the injury more readily and d^nonstrated better overall recovery from the 
5 injury flian the control rats. Similar results would be expected from flie therapeutic 
treatment with the recombinant tissue protective cytokines of the present invention. 

In a second related study animals were injured in the same way. Forty animals were 
randomly divided mto three groups. Animals in the control group (a= 8) received normal 
saline (via intravenous injection) immediately after the incision is closed. The second 
10 groiqi (n= 8) received methylprednisolone @ 30 mg/kg per day x3 then biweekly, a 

common therapeutic for spinal cord injury; the third group received an recombinant tissue 
protective cytokine, SIOOE, of the present invention at a dose of lOug/kg immediately 
following injury, all as a single bolus intravenous injection immediately after removal of the 
aneurysm clip. 

15 Motor neurological function of the rats will be evaluated by use of the locomotor 

rating scale of Basso et aL In this scale, animals are assigned a score ran^g from 0 (no 
observable hind limb movements) to 21 (normal gait). The rats will be tested for functional 
deficits at 1 , 1 2, 24 , 48, and 72 hours and then at 1 week after mjury by the same examiner 
who is blind to the treatment each animal receives. 

20 Figure 37 is a graph demonstrating the locomotor ratings of the rats recovering from 

the spinal cord trauma over a period of forty-two days. As can be seen from the gr^h, the 
rats that were given SIOOE recovered from the injury more readily and demonstrated better 
overall recovery from the injury than the control rats and rats administered 
methylprednisolone. 

25 6.12.2. Rabbit Spinal Cord Ischemia Testing Erythropoietin and a Tissue 

Protective Cytokine. 

Thirty-six New Zealand White rabbits (8-12 months old, male) weighing 1.5-2.5 kg 
were used in this study. The animals were fasted for 12 hours and humanely restrained. 
Anesthesia induction was via 3% halothane in 100% oxygen and maintained with 0.5 - 1 .5 
30 % halothane in a mixture of 50% oxygen and 50% air. An intravenous catheter (22 gauge) 
was placed in the left ear vein. Ringers lactate was infiised at a rate of 4 ml/kg body weight 
(bw) per hour during the surgical procedure. Preoperatively, cefezoKne 10 mg/kg-bw was 
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admimstered intravenously for proph)daxis of infection* The anunals were placed in the 
right lateral decubitus position, the skin prqiared with povidone iodine, infiltrated with 
bupivacaine (0.25%) and a flank skin incision was made parallel to the spine at the 12fh 
costal level. After incision of the skin and subcutaneous thoracolumbar fascia, the 

5 longissimus lumborum and iliocostalis luntborum muscles were retracted. The abdominal 
aorta was exposed via a left retroperitoneal approach and mobilized just inferior to the left 
renal artery. A piece of PE-60 tubing was looped around the aorta immediately distal to the 
left renal artery and both ends passed througji a larger rubber tube. By pulling on the PE 
tubing, the aorta was non-traumatically occluded for 20 mmutes. Heparin (400 lU) was 

10 admimstered as an intravenous bolus before aortic occlusion. After 20 minutes of occlusion, 
the tube and catheter were removed, the incision was closed and the animals were 
monitored until full recov^y and then were serially assessed for neurological function. 

Thirty-six animals were randomly divided into sbc groups. In a control group (T), 
animals (n = 6) received normal saline intravenously immediately after release of aortic 

15 occlusion. Group (H) received rhEPO @ 6.5 microgram/kg-bw; group (lU) received a tissue 
protective cytokine (carbamylated erythropoietin) @ 6.5 microgram/kg-bw; group (IV) 
received another tissue protective cytokine (asialoerythropoietin) @ 6.5 microgram/kg-bw; 
group (V) received the same tissue protective cytokine as group (IV) but @ 20 
microgram/kg-bw; and group (VT) received yet another tissue protective cytokine 

20 (asialocarbamylatederythropoietin) @ 20 microgram/kg-bw all intravenously immediately 
after reperfusion (n = 6 for each group). 

Motor function was assessed according to the criteria of Drummond and Moore by 
an investigator blind to the treatment at 1, 24 and 48 h after reperfiision. A score of 0 to 4 
was assigned to each animal as follows: 0 = paraplegic with no evident lower extremity 
25 motor function; 1 = poor lower extremity motor function, weak antigravity movemrat only; 
2 = moderate lower extremity fimction with good antigravity strength, but inability to draw 
legs under body; 3 = excellent motor function with the ability to draw legs under body and 
hop, but not normally; 4 = normal motor fimction. The urinary bladder was evacuated 
manually in paraplegic animals twice a day. 

30 Figure 23 is a graph plotting motor function of the recovering rabbits. The grq)h 

demonstrates that even over a period of only two days erythropoietin and the tissue 
protective cytokines of the present invention permit the rabbits to recover more fully fix)m 
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tiie spinal cord injury. Similar results would be expected from the therapeutic treatment 
Mvith the recombinant tissue protective cytokines of the present invention. 

6.13. EXAMPLE 13: ANTI-INFLAMMATORY AFFECTS OF 
ERYTHROPOIETIN 

5 In- Vivo Studies; 

MCAOinRats 

Male Crl:CD(SD)BR rats weighing 250-280 g w^e obtained firom Charles River, 
Calco, Italy. Surgery was performed on these rats in accordance with the teachings of 
Brines, MX., Ghezzi, P., Keenan, S., Agnello, D., de Lanerolle, N.C., Cerami, C, Itri, 

10 L.M., and Cerami, A. 2000 Erythropoietin crosses the blood-brain barrier to protect against 
experimental brain injury, Proc Natl Acad Sci USA 97:10526-10531. Briefly, the rats were 
anesthetized with chloral hydrate (400 mg/kg-bw, i.p.), the carotid arteries were visualized, 
and the ri^t carotid was occluded by two sutures and cut A burr hole adjacent and rostral 
to the right orbit allowed visualization of the MCA, which was cauterized distal to the rhinal 

15 artery. To produce a penumbra (borderzone) sunounding this fixed MCA lesion, the 
contralateral carotid artery was occluded for 1 hour by using traction provided by a fine 
forceps and then re-opened. PBS or rhEPO (5,000 U/kg-bw, i.p.; previously shown to be 
protective in this model (1)) were administered immediately after the MCAO. When 
indicated, TNF and IL-6 were quantified in brain cortex homogenates as previously 

20 described (8). MCP-1 was measured in the homogenates using a commercially available 
ELISA kit (biosource, Camarillo, CA). 

Twenty-four hours after MCAO, the rats were anesthetized as described above and 
transcardially pa*ised with 100 ml saline followed by 250 ml of sodium phosphate 
buffered 4% paraformaldehyde solution. Brains were r^idly removed, fixed in sodium 

25 phosphate buffered 4% paraformaldehyde solution for two hours, transferred to 20% 

sucrose solution in PBS overnight, then in 30% sucrose solution until they sank and were 
then frozen in 2-methylbutane at -45^ C. Sections (30 /im) were cut on a cryostat (HM 500 
OM, Microm) at -20** C in the transverse plane through the brain and selected every fifih 
section for histochemistry against the different antigens, or hematoxylin-eosin staining. 

30 Free floating sections were processed for immunoreactivity both with anti-glial fibrillary 
acid protein (GFAP) mouse monoclonal antibody (1:250, Boehringher Mannheim, Monza, 
Italy) and with anti-cdllb (MRC OX-42) mouse monoclonal antibody (1:50, Serotec, UK), 
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according to the protocols described by Houser et d. and the manufacturer' s protocol 
respectively. All sections were mounted for light microscopy in saline on coated sUdes, 
dehydrated through graded alcohols, fixed in x^ene and coverslipped using DPX mountant 
(BDH, Poole, UK). Axgacent sections were stained with hematoxylin-eosin as described 
5 (10). 

Figure 24 shows a coronal section of the brain cortical layer stained by hematoxilyn 
and eosin. Control rat (A), ischemic rat treated with PBS (B), ischemic rat treated wifli 
rhEPO (5,000 U/kg-bw, i.p., immediately foUowing MCAO) (C), Section B shows a 
marked decrease in tissue staining consistent with inflammation, accompanied by a loss of 
10 neuronal component compared to the control (A). Systemic rhEPO administration largely 
reduces the ischemic damage localizing the cell death or injury in a restricted area (C). 
(Magnification 2.5x. Size bar = 800 jum.) 

Hguw 25 shows coronal sections of fixinial cortex adjacent to the region of 
infeiction stained by GFAP antibody. Conttolrat (A), ischemic rat treated wifli PBS (B), 
15 and ischemic rat treated with rhEPO (C). Activated astrocytes are visualized by their 
GFAP-positive processes (PanelB). Note the marked reduction in number as weU as 
staining intensity m a rq)re8entative ihEPO-treated animal (Panel C). (Magnification lOx. 
Size bar = 200 /un.) 

Figure 26 shows coronal sections of brain cortical layer stained by OX-42 antibody. 
20 Ischemic rat treated with PBS (A), and ischemic rat treated with rhEPO (B). In the 
ischemic cerebral hemisphere, the ceUular staining is especially prominent around the 
infercted tissue in both treatment groups, but it is much denser and extends further in the 
saline treated group. Magnification 20x; Size bar = 100 jmi). 

Figure 27 shows coronal sections of brain cortical layer ^jacent to Ihe region of 
25 infarction stained by OX-42 antibody. A much higher density of mononuclear 

inflammatory cells are observed in the tissue ftom an ischemic tat treated with PBS (A) 
compared to an ischemic rat treated with rhEPO (B). The infiltrating leukocytes, with 
typical round shape, potentially will extend the volume of mferclion. (Magnification lOx; 
Size bar = 200 /im) 

30 Similar results would be expected from Ae therapeutic treatment with the 

recombuiant tissue protective cytokines of the present invention. 
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Arnfft Fypminen tal Allergic Encephalomyelitis (EAES in Lewis rats 

Female Lewis rats, 6-8 weeks of age, were purchased from Oiarles River (Calco, 
Italy). EAE was induced in rats by injecting 50 |ig of guinea pig MBP (Sigma, St. Louis, 
MO) in water emulsified in equal volumes of complete Freund's adjuvant (CFA, Sigma) 

5 additioned with 7 mg/ml of heat-killed M. tuberculosis H37Ra (Difco, Detroit, MI) in a 
final volume of 100 ]x under Ught ether anesthesia into both hind footpads. 1. Rats were 
examined in a blinded feshion for signs of EAE and scored as follows; 0, no disease; 1, 
flaccid tail; 2, ataxia; 3, complete hind limb paralysis with urinary incontinence. Starting 
from day 3 after iimnunization, rats were given r-Hu-EPO (EPOetin alfa, Procrit, Ortho 

10 Biotech, Raritan, NJ) iatraperitoneally (i.p.) once a day at the indicated doses, in PBS. Since 
the clinical-grade EPO contained human serum albumin, control animals were always given 
PBS containing an identical amount of human serum albumin. Daily administration of 5,000 
U/kg-bw of EPO increased the hematocrit by 30%. When indicated, rats were injected s.c. 
once a day from day 3 until day 18 with 13 mg/kg-bw dexamethasone (DEX) phosphate 

15 disodimn salt (Sigma) corresponding to 1 mg/kg-bw of DEX, dissolved in PBS. When 
indicated, TNF and IL-6 were quantified in brain and spinal cord homogenates as 
previously described [Agndlo, 2000 #10]. 

Figure 28 shows the protective effect on the cliaical signs of EAE of different doses 
of EPO, given from day 3 after immunization with MBP until day 18, EPO, in a dose- 
20 dependent fashion, delayed the onset of disease and decreased disease severity, as 

summarized in Table 1, but did not delay the time to greatest severity. As shown in this 
table, EPO at the doses of 2,500 and 5,000 U/kg-bw significantly decreased the mean 
cumulative score. 

In experiments wh^e treatment of EPO was discontinued after the disease regressed 
25 and the rats were monitored up to two months, no relapse was observed, in contrast with 
DEX which induces an exacerbation of disease after suspCT.ding its administration (Figure 
29). Sinular results would be expected from the therapeutic treatment with the recombinant 
tissue protective cytokines of the present invention. 

In Vitro Studies: 

30 Primary cultures of glial cells were prepared from newborn Sprague-Dawley rats 1-2 

days old. Cerebral hemispheres were freed from the meninges and mechanically disrupted. 
Cells were dispersed in a solution of trypsin 2.5% and DNAase 1%, filtered tibrough a 100 
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^ nylon mesh and plated (140,000 cells per 35 nmx dish) in Eagle's minimum essential 
medium supplemented with 10% fecal calf serum. 0.6% glucose, streptomycin (0.1 mg/ml) 
and penicillin (1 00 Ul/ml). GUal cultures were fed twice a week and grown at 3r C in a 
humidifiedmcubatorwith5%C02. All experiments we performed on 2-3 week-old gUal 
cell cultures with 97% asliocytes and 3% microgHa, as assessed by immunochemistry o of 
GFAPandQriffoiuasimplicifoIiai8olectinB4. Neuronal cultures were established from the 
hippocampus of 18-day rat fetuses. Brains were removed and freed from meninges and the 
hippocampus was isolated. Cells were dispersed by incubation for 15-20 min at 37" C in a 
2.5% trypan solution foUowedbytitratioa The ceU suspension was diluted in the medi^ 

used for glial cells and plated onto polyomithine-coated ooversUps at a density of 1 60.000 
cells per covecslip. The day after plating. coversUps were transferred to dishes containing a 
glial monolayer in neuron maintenance medmm (Dulbecco's modified Eagle's medium and 

Ham's nutrient mix F12 supplemented with 5 ,ig/ml insulin, 100 ^g/ml transferrin, 100 
;tg/mlputrescme,30nMNaselenHe, 20 nM progesterone andpenicillin lOOU/ml) 

5 supplemented with cytosinearabinoside 5^. Coverslips were inverted so that the 
hippocampal neurons faced the gliamonolayer. Paraffin dots adhering to the coversUps 
siqxported them above the gUa. creating a narrow gap that prevented the two cell types from 
contacting each o&er but allowed the difiusion of soluble substances. These culture 
conditions allowed the growth of differentiated neuronal cultures with >98% homogeneity. 

20 as assessedby immnnochemistry of microtubule-associated protdn 2 and GFAP. Cells 
were then treated for 24 horns with 1 /iM Ttimethyl tin (TMT). in Ihe presence or absence 
of rhEPO (10 U/ml), the supematants used for TNF assay and cellular viabihty evaluated as 
describedbelow. When indicated. gUal cells were cultured in the presence of LPS for 24 
hours, withorwithoutrhEPO, and TOF measuredintheculturedsupematants. Cell 

25 viabiUtywa8measuredbythe3-(4.5-dime&yl-lWazol-2-yl)-2.5-diphenyhetrazolw^ 

bromide (MTD assay. Denizot. F., and Lang. R- 1986. Rapid colorimetric assay for cell 
growth and survival. Modifications to the tetrazoUnm dye procedure giving improved 
sensitivity andreliabihty.Jlmmunol Methods 89:271-277. Briefly.MTTtetrazoUum salt 

was dissolved in serum-free medium to a final concentration of 0.75 mg/ml and added to the 
30 cells at the end ofthe treatment for 3 hat 37- C. The medium was then removed and the 
foimazanwa8extractedwithINHCl:isopropanol(l:24). Ab8orbanceat560mnwasread 

on a microplate reader. 

Figure 30 shows that rhEPO prevents neuronal death-induced TNF production in 
mixed neuron-glia cultures. Panel A: Percentage ofneuralceU death induced by TMT 1 
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/xM without or with treatment with ihEPO (10 U/ml). Panel B: Release of TNF-a from glial 
cells exposed to TMT 1 /iM in the presence (hatched bais) or absence (filled bars) of 
neurons, with or without rhEPO (10 U/ml). Similar results would be expected from the 
therspeutic treatment with the recombinant tissue protective cytokines of the present 
5 invention. 

6.14. EXAMPLE 14: NMDAINnDUCED CALL DEATH ASSAY 
Excitotoxicity can be defined as the excessive activation of glutamate receptors, 

such as the N-methyl-D-aspartate (NMDA) receptor. The NMDA receptor exhibits 

increased activity in response to ischemia and other traumas (Fauci et al., 1998, Hairison's 
10 Principles of Memal Medicine), CNishizawa, 2001, Life Sci. 69, 369-381), (White et al., 

2000, J. Neurol. Sci. 179, 1-33). Thus, the assay serves as a model for assesing a 

compounds effect on cell injury and death. 

Protocol of NMDA excitotoxicity in primary hippocampal neurons 

Primary hippocampal neuronal cultures were prepared from new bom mice (less 
15 than 24 hours old) essentially as previously described by Krohn et al. (1998). Briefly, the 
hippocampi were dissected out in DMEM containing 0.02% BSA. The tissue was 
transferred to DMEM containing 0.1 % papain and incubated for 20 minutes at 3TC. The 
digestion was stopped by aspiration of the papain containing medium and addition of 
MBMn and the hippocampal cells were dissociated by tituration with a 1000 jil pipet tip. 
20 The tissue pieces were allowed to settle and the supernatant, containing single cells, was 
transferred into MEMU containing 1% trypsin inhibitor (type II-O) and 1% BSA. The 
tituration-step was repeated three times before the single cells were centrifuged at 600U/ 
minute for 10 minutes and resuspended in growth medium (MEMII, 20niM D-glucose, 
lOOU/ml penicillin, 100 /Ag streptomycin, 2 mM L-glutamine, 10% Nu-serum (bovine), 2% 
25 B27 supplement, 26.2 mM NaHC03). Cells from 10 hippocampi were used to seed one 24 
well plate. One day after seeding, the cells were treated with cytosine-arabino-ftiranoside 
(ljuM). On day two, the medium was changed and cytosine-arabiao-fru'anoside (1/uM) was 
added. 

Excitotoxicity assay 

30 Twelve day old cultures were pre-incubated with test compound (vehicle, R103E, 

R150E, or EPO) at 5nM for 24 hours. On day 13, the medium was removed from tiie cells 
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and kept while liie cultures were chaUenged with 300 /M NMDA for 5 minutes at room 
tecoperature. After the excitotoxic insult, the pre^nditioned medium was returned to the 
cultures and the injury was quantified by trypan blue exclusion after another 24 hours of 
incubation. Approximately 300 neurons were counted por condition in at least four separate 
5 wells and the experiments were repeated at least twice (Krohn, A.J., Preis, E. and Prehn, 
JJI.M. (1998) J.Neurosci. 18(20):8186-8197). 

Figure 31 shows that human erythropoietin and recombioant tissue protective 
cytokines R130E and R150E effectively reduce cell death induced by NMDA when added 
to the primary hippocampal neuron cell cultures prior to NMDA treatment. Cells treated 
10 with R103E (5 nM) exhibited significantly less cell death in comparison to vehicle control 
cells (p=O.01). CeUs treated with R103E (5 nM) exhibited significantly less cell death in 
comparison to vehicle control cells (p=O.01). CeUs treated with R150E (5 nM) exhibited 
approximately a 20% decrease in cell death in comparison to solvent control cells 
(p=0.001). Statistics: ANOVA plus Tukey's post-hoc test. 

15 6.1S. EXAMPLE 15: NEURONAL PROTECTION OF SERUM 

WITHDRAWAL IN P19 CELLS 

To examine the neuronal protective effect of the recombinant tissue protective 
cytokines of the invention, withdrawal of serum from PC19 cell cultures was used as a 
model. The clone P19S 1801 Al was kindly provided by Dr. W.H. Fischer. The cells were 
20 maintained in Dulbecco's Modified Eagles Medium (DMEM) supplemented with 2 mM L 
glutamine, 100 U/ml penicilUn G,100 jig/ml streptomycin sulfate and 10% fetal calf serum 
(FCS; all from Gibco, Paisley, Scotland, UK), containing 1.2 g/1 NaHCOs, 10 mM Hepes 
buffer (Carlo Erba, Milano, Italy), hereafter referred to as complete medium, in a 
humidified incubator under an atmosphere of 7% CO2 in air. Serum free medium (N2) has 
25 the same constituents as above with the deletion of serum, and the addition of the followmg: 
5 ng/ml of insulin, 100 \ig/m\ of transferrin, 20 nM progesterone, 100 ixM putrescine and 30 
nM Na2Se03 (all from Sigma). For the death experiments, cells were dissociated with 10% 
pancreatin (Gibco), washed once with complete medium, twice with N2 medium and plated, 
unless otherwise indicated, plated in 25 cm^ tissue culture flasks (Falcon Becton Dickinson, 
30 Lincohi Park, New Jersey) at a final density of 104 cells/cm^ in 5 ml of serum-free medium. 
L acetylcamitine (100 \M) is taken as a positive control, that confers protection, reducing 
by 50% the percentage of apoptotic nuclei 24 h after serum deprivation. Twenty-four h 
after serum deprivation, cells were detached by tapping on the flask (without trypsin) 
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seeded on microscope slides by cytospin centrifagation (Sbandon Southern, USA) at 600 
ipm for 10 min, and iSxed in Camoy solution (mefhanol:acetic acid, 3:1) for 10 min, stained 
with Hoechst 33258 (0.1 jig/ml PBS) for 1 h at 37° C, washed with tap wato: for 15 min, air 
dried and mounted. Slides were observed with a fluorescence mi(»x3scop6 (Zeiss, Germany) 
5 at an excitation wavelength of 365 nm. The pwjentage of apoptotic nuclei was determined 
by counting in blind a total of 100 cells in at least 5 detmninations. 

P19 cells were pre-incubated with 3 nM Epo or recombinant tissue protective 
cytokine SI ODE for 24h. This treatment resulted in significant (p < 0.001) protection from 
apoptosis triggered by serum withdrawal. Data are means from triplicate determinations 
10 within one experiment. The experiment was performed twice with similar residts. 

Figure 32 shows neuronal protection from serum withdrawal in PI 9 cells. The 
percent of ^^totic cells decreased for cells pretreated with Epo, EpoWT, and recombinant 
tissue protective cytokine SIOOE. Cells treated with Epo exhibited ^proximately a 20% 
decrease in apoptotic cell death in comparison to untreated control cells. Cells treated with 
15 EpoWT and SIOOE both exhibited approximately a 10% decrease in apoptotic cell death in 
comparison to untreated control cells. 

6.16. EXAMPLE 16: NGF WITHDRAWAL IN DIFFERENTIATED PC12 
CELLS 

To examine the neuronal protective effect of the recombinant tissue protective 
20 cytokines of the invention, withdrawal of NGF in differentiated PC12 cells was used as a 
model. The assay is a well-established model of apoptotis. This PC 12 rat cell line was 
derived from an adrenal medullary phaeochromocytoma and can be differentiated into 
neuronal-Uke cells in the presence of NGF (Masuda et al,, 1993, J Biol Chem 268, 1 1208- 
11216). The PC 12 cell line is a neuroendocrine cell line, which in the presence of NGF can 
25 be dififerentiated to express a neuronal-Uke phenotype (Vaudry et al., 2002, Science 296, 
1648-1649). Once the cells are are fiilly dififerentiated they become NGF-dependent and 
withdrawal of NGF induces apoptosis. 

PC12 cells were maintained in Dulbecco's modified Eagle's medium (DMEM) 
si?)plemented with 10% heat inactivated horse serum, 5% heat inactivated fetal bovin 
30 serum, 1% sodium-pyruvate and 1% penicillin-streptomycin (P/S) (Ittvitrogen, Carlsbad, 
USA). 
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For experiments, cells were differeatiated fox 7 days in collagen G-coated 48 weU 
plates at a density of 24,000 cellsAvell in DMEM supplemented with 1% heat inactivated 
horse serum, 1% sodium-pymvate, 1% P/S and lOOng/ml NGF (7S nerve growlh factor, 
mouse submaxiUary glands, purchased firom Calbiochem, Cat. No.480354) with medium 
5 changed every 2-3 days. At day 6, the Epo mutant at amino acid 100 (=S100E) was added 
to the cells in the indicated concentrations for 24 hours, after which medium was replaced 
with RPMI1640, 1% P/S, to rOTiove NGF fiom all cells, SIOOE was re-added, as was NGF 
(100 ng/ml) as positive control (+NGF). After 24 h, viabiUty was measured by a 
tetrazolium (MrT)-reduction assay. 

10 Figure 33 A and 33B Show the effect of pre-incubation with SIOOE in differentiated 

PC12 cells submitted to NGF withdrawal in two independent experiments. Differentiated 
PC12 cells were pre-treated with SIOOE at the indicated concentrations for 24 h, Figure 33 A 
(3 pM) Figure 33B (0.00003 pM-3pM). Viabihty was measured in the MTT assay. NGF 
(100 ng/ml) was used as a positive control and NGF-free medium (-NGF) as a negative 

15 control. Data presented m Figure 33 are presented as % viabiUty of positive control 

(+NGF) (n=8 in both experiments). There is a statistically significant increase in viability 
of SIOOE treated cells compared to negative control ceEs (-NGF) by use of one-way 
ANOVA and Bonferroni post-hoc test. ***p<0.001, *p<0.05. The effects observed with 
SIOOE were similar to those of Epo in this test system with respect to potency and efficacy. 

20 Figure 34 Shows the effect of pre-incubation with Epo in diflferentiated PC12 cells 

submitted to NGF withdrawal. DifferentiatedPC12cells were pre-treated with Epo, SIOOE, 
or carbamylatedEpo (30 pM-30nM) for 24 h. The chemically modified Epo molecule, 
AA24496, has a 10000 tunes lower activity than HPO in the UT-7 cell assay. Viability was 
measured in flie MTT assay. NGF (100 ng/ml) was used as a positive control and NGF-free 

25 medium (-NGF) as a negative controL 

6.17. EXAMPLE 17: EPO BIO-ASSAY UT-7 CELL PROLIFERATION 

IJT-7 is a leukaemia Epo-dependent cell line used for the determination of the 
erythroid effect of recombinant tissue protective cytokine such as K45D. The UT-7 cells 
(Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Cat. No. ACC 363) 
30 were normally grown in the presence of 10% FBS and 5 ng/ml Epo. The 

proUferationysurvival (= viability increase) response of the cells exposed to Epo is mediated 
by the classical peripheral-type Epo receptor. The proliferation response is a quantitative 
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measiure of and 'correlates with the capacity of Epo-variants to stimulate the classical Epo 
receptor. 

Methods for UT-7 cell Viability assay 

The human leukemia cell line UT7 was made ^o dependent, and the proliferatiye 

S response to added Epo/recombinant tissue protective cytokines was used as a measurement 
for their biological activity. On day one of the assay the cells were transferred to fre^ 
complete RPMI 1640 media with 10% serum containing Epo (S ng^ml) (10% donor calf 
serum, 4mM L-glutamine, supplemented with Sng/ml of rhuEPO). The cells were grown in 
the 7Scm^ flasks with 20 ml of culture/flask. On day two of the assay the cells were 

10 transferred from the flask(s) into a SO-ml conical tube and centrifuge at 1,000 rpm for S 
minutes at room temperature. The old media was discard and the cells were washed two 
times with 10 ml of starvation media (3% donor calf serum, 4mM L-glutamine). The cells 
were re-suspended in starvation media, using pipet action up and down to obtain a single 
cell suspension. To determine the cell density, the re-suspended cells were diluted with 

15 starvation media to a density of 4 x 10^ cells/ml with a total culture volume of 10 ml and 
placed in a 25 cm^ flask. The mixture was incubated for 4'h in a humidilBed incubator with 
5% CO2 at 37°C. During the last hour of incubation, a 96 well plate was prepared. At the 
end of the 4-hoiir incubation, the cell cultures were removed from the incubator, and the 
cells were transfened from a flask to a 50-ml conical tube. The contents were mixed by 

20 hand to keep the cells suspended. 50 ml of starvation media was added as the media blank 
without cells. Five wells were the control cells without reagent. The next adjacent row of 
wells contained the lowest concentration of recombinant tissue protective c5rtokines. Each 
adjacent row of weUs thereafter was filled with sequentially greater concentrations. The 
cell cultures that were incubated in media with 3% serum and without Epo were plated out 

25 at 200.000 cells/ml and 100|il per well in 96-well plates. The contents were mixed briefly 
and carefully, using the orbital vibrating platform seated on top of the stir plate. The plate 
was incubated with different concentrations of Epo variants (from 0.2 pM to 20 nM) for 48 
h in RPMI 1640 medium containing 3% serum in a humidified incubator with 5% CO2 at 
37^C. On day four of the assay, the 96-well plate was taken out from the Incubator and 

30 placed at room temperature in the lanainar flow hood. Immediately, the bioactivity is 
quantified (spectrophotometric absorption at 450 nm, subtracted from backgroimd 
absorption at 620 nm) by measuring the fonnazan product formed dming cellular 
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metabolism of the tetrazoUum dye WSTl. which coirelates with ceUular viability/number of 
cells. 

Results 

The UT7 cells showed stable and reliable growth in Epo containh^ media for 3 
S months. 

K45D induced a viability increase of the Epo-dependent UT-7 cells in a dose 
dependent way, with an ECso of 294.0. In comparison, the ECjo was 58.13 for Epo (Figure 
35) and 608 for ffis-tagged Epo (EpoWT). SIOOE did not increase viability (more than 
50%) of the Epo-dependent UT-7 cells at concentrations < 50 nM (i.e. within the 
10 measurable range). Hence, K45D showed potency within the same order of magnitude as 
Epo, while SIOOE showed at least 1000-fold lower potency as compared to Epo. 

R103E did not increase survival of the Epo-dependent UT-7 ceUs at concentrations 
up to 20nM, i.e. its potency compared to Epo was at least four orders of magnitude lower. 
R150E induced survival of the Epo-depeodaot UT-7 cells in a dose depaident way, with an 
15 ECso of 20 nM. In comparison, the ECso was 66.5 for Epo CEpo#4) (Figure 36). Hence, 
R150E showed three orders of magnitude lower potency as conqjared to Epo. 

Figure 35 shows concentration-respwise curves of Epo, K45D and S lOOE in UT-7 
cells. Different concentrations of Epo, EpoWT, K45D and SIOOE were added to UT-7 
cells. Viabihty was measured 48 h later in the WST-1 assay. Data are mean ±SD of three 
20 difierent experiments each perfomied in duplicate. The curve is a non-linear regression 
curve fit 

Figure 36 shows dose response curves of Epo, R103E andRlSOE inUT-7 ceUs. 
Different concentrations of Epo, EpoWT, R103E and R150E were added to UT-7 tells. 
Viabihty was measured 48 h later in the WST-1 assay. Data are mean ± SD of three 
25 different experiments each performed in dupUcate. The curve is a non-Unear regression 
curve fit 

6.18. EXAMPLE 18: PROTECTION OF RETINAL ISCHEMIA BY 
PERIPHERALLY-ADMINISTERED RECOMBINANT TISSUE 
PROTECTIVE CYTOKINES. 
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As described in Section 6.9, retinal cells are very sensitive to ischemia such that 
many will die aft^ 30 minutes of ischemic stress. In this expenment, the rat reversible 
glaucoma model was again utilized as described by Rosenbaum et aL (1997; Vis. Res. 
37:3443-51). The effects of recombinant tissue protective cytokines on ischemic stress . 
5 were examined. 

One eye in each of the rats was injured in accordance with the protocol outlined in 
ttie example presented in Section 6.9 for saline injection into the anterior chamber of the 
adult male rat eye. At the time of reperfiision, i.e. when the pressure in the anterior chamber 
of the eye is released, the rats were administered 10 /ig/kg of BPO, one of four recombinant 

10 tissue protective cytokines: R103E, R150E, SIOOE, and S100e/K45D, or salme 
intravenously. On days 1, 3, 5 and 6 following the injury, electroretinograms w«:e 
performed on both the injured and nonnal eye of each rat The latency in the damaged eye 
of each rat was compared to the latency in the nonnal eye of the same rat The data was 
recorded as a ratio of the latency of the injured eye over the latency the normal eye resulting 

IS ma ratio of one when the damaged eye has nonnal function. There are two components to 
the injury results: Anq)litude (the difference from the peak to the trough as shown in Figure 
17, Panel A, indicated by 'b' and Latency, the time that it takes to achieve the peak in 
response to the stimulus. 

Fignre 38 shows the ratio of the latency of tiie injured eye over the latency the 
20 nonnal eye for the various treatment regimens. The rat treated with EPO exhibited a 

latency of 1 .2, which is better than the rat treated with saline. Each of the four recombinant 
tissue protective cytokines resulted in latency results equal to or better than EPO with 
R103E, R150E, and SIOOE showing a statistical improvement over saline. 

25 The invCTtion is not to be limited in scope by the specific embodiments described 

which are mtended as single illustrations of individual aspects of the invention, and 
functionally equivalent methods and components are within the scope of the invention. 
Indeed various modifications of the invention, m addition to those shown and described 
herein will become apparent to those skilled in the art from the foregoing description and 

30 accompanying drawings. Such modifications are intended to £all within the scope of the 
appended claims. 
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AUreferences cited herein are incorporated by reference herein in their entireties for 
all purposes. 
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WHAT IS CLAIMED IS; 

1 . A mutein recombinant tissue protectiye cytokine lacking at least one activity 
selected fiom the group consisting of increasing hematocrit, vasoactive action, 
hyperactivating platelets, pro-coagulant activities and increasing production of 

5 thrombocytes, the cytokine comprising at least one responsive cellular protective activity 
selected from the group consisting of protecting, maintaiiung, enhancing or restoring the 
function or viability of a responsive mammalian cell, tissue or organ. 

2. The recombinant tissue protective cytokine of claim 1, comprising one or more 
altered amino acid residue between positionll to 15 of SEQIDNO:10[SEQIDNO:1], 

10 position 44 to 51 of SEQ ID NO 10 [SEQ ID N0:2], position 100-108 of SEQ ID NO [SEQ 
ID NO:3], or position 146-151 of SEQ ID NO 10 [SEQ BD N0:4]. 

3 . The recombinant tissue protective cytokine of claim 1 , comprising an altered amino 
acid residue at one ormore of the following positions of SEQ ID NO: 10: 7, 20, 21, 29, 33, 
38, 42, 59, 63, 67, 70, 83, 96, 126, 142, 143, 152, 153, 155, 156, or 161. 

15 4. The recombmant tissue protective cytokine of claim 1, comprising the amino acid 
sequence of SEQ ID NO: 10 with one or more of the amino acid residue substitutions of 
SEQ ID NOs: 15-105 and 119. 

5. The recombinant tissue protective cytokine of claim 1, comprising the amino acid 
sequence of SEQ ID NO: 10 with a deletion of amino acid residues 44-49 of SEQ ID NO: 

20 10. 

6. The recombinant tissue protective cytokine of claim 1, comprising, the amino acid 
sequence of SEQ ID NO: 10 with at least one of the following amino acid residue 
substitutions of SEQ ID NOs: 106-1 18. 

7. The recombinant tissue protective cytokine of any one of claims 1-6, further 
25 comprising a chemical modification of one or more amino acids. 

8. The recombinant tissue protective cytokine of claim 7, wherein the chemical 
modification comprises altering the charge of the recombinant tissue protective cytokine. 
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9. The recombinant tissue protective cytokine of claim 8, wherein a positive or 
negative charge is chemically added to an amino acid residue where a charged amino acid 
residue is modified to an uncharged residue. 

1 0. The recombinant tissue protective cytokine of any one of claims 1-6, wherein said 
5 cytokine is a human erythropoietin mutein. 

1 1 . The recombinant tissue protective cytokine of any one of claims 1-6, wherein said 
cytokine is a human phenylglyoxal erythropoietin mutein. 

12. The recombinant tissue protective cytokine of any one of claims 1-6, wherein the 
responsive mammalian cell conQ)rises a neuronal, muscle, heart, lung, liver, kidney, small 

10 intestine, adrenal cortex, adrenal medulla, capillary, endothelial, testis, ovary, endometrial, 
or stem cell. 

13. The recombinant tissue protective cytokine responsive mammalian ceU of any one of 
claims 1-6, comprising a photoreceptor, gangtion, bipolar, horizontal, amacrine, Muieller, 
myocardium, pace maker, sinoatrial node, sinus node, atrioventricular node, bundle of His, 

1 5 hepatocyte, stellate, KupfBsr, mesangial, goblet, intestinal gland, enteral endocrine, 

glomerulosa, fasciculate, reticularis, chromaflBn, pericyte, Leydig, Sertoli, sperm, GraflBan 
follicles, primordial follicles, endometrial stroma, and endometrial cell. 

14. The recombinant tissue protective cytokine of any one of claims 1-6, wherein said 
cytokine is capable of traversing an endothelial cell barrier. 

20 15. The recombinant tissue protective cytokine of claim 14, wherein the endothehal cell 
barrier comprises the blood-brain barrier, the blood-eye barrier, the blood testes barrier, the 
blood-ovary barrier, and the blood-uteras barrier. 

1 6 . The recombinant tissue protective cytokine of any one of claims 1-6, wherein said 
cytokine is selected from the group consisting of: 

25 i. a cytokine having a reduced number or no sialic acid moieties; 

ii. a cytokine having a reduced number or no N-linked or 0-linked -carbohydrates; 

iii. a cytokine having at least a reduced carbohydrate content by virtue of treatment 
of native cytokine with at least one glycosidase; 
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iv. a cytokine having at least.one or more oxidized carbohydrates; 

V. a cytokine having at least one or more oxidized carbohydrates and is chemically 

reduced; 

vi. a cytokine having at least one or more modified arginine residues; 
5 vii. a cytokine having at least one or more modified lysine residues or a modification 

of the N-tenninal amino group of a cytokine molecule; 

viii. a cytokine having at least a modified tyrosine residue; 

ix. a cytokine having at least a modified aspartic acid or glutamic acid residue; 
X. a cytokine having at a modified tryptophan residue; 

10 xi. a cytokme having at least one amino acid group removed; 

xii. a cytokine having at least one opening of at least one of the cystine linkages in 
the cytokine molecule; 

xiii. a truncated cytokine; 

xiv. a cytokine having at least one polyethylene glycol molecule attached; 
15 XV. a cytokine having at least one fatty acid attached; 

xvi. a cytokine having a non-mammalian glycosylation pattern by virtue of the 

expression of a recombinant cytokine in non-manunalian cells; and 

xvi. a cytokine having at least one histidine tagged amino acid to facilitate 

purification. 

20 17. The recombinant tissue protective cytokine of claim 16 wherein said cytokine is an 
asialoerythropoietin. 

1 8. The recombinant tissue protective cytokine of claim 17, wherein said 
asialoerythropoietin is human asialoerythropoietin. 

19. The recombinant tissue protective cytokine of claim 16, wherein said cytokine is 
25 hyposialylated or hypersialylated. 

20. The recombinant tissue protective cytokiue of claim 16, wherein said cytokine 
comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or 13 sialic acid moieties. 



21 . The recombinant tissue protective cytokine of claim 16, wherein said cytokine 
comprises more than the fourteen sialic acid moieties present in native erythropoietin. 
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22. The recombinant tissue protective cytokine of claim 1 6, wherein said cytokine is an 
erythropoietin with no N-linked carbohydrates, 

23 . The recombinant tissue protective cytokine of claim 22, wherein said cytokine is an 
erythropoietin with no O-linked carbohydrates. 

5 24. The recombinant tissue protective cytokme of claim 16, whereia said cytokiae is 
treated with at least one glycosidase. 

25. The recombinant tissue protective cytoldne of claim 1 6, wherein said cytokine is 
periodate-oxidized eryfhropoiedn. 

26. The recombinant tissue protective cytokine of claim 25, wherein said periodate- 
10 oxidized erythropoietin is chatnically reduced with sodium cyanoborohydiide. 

27. The recombinant tissue protective cytokine of claim 16, wherein said cytoldne 
comprises an R-glyoxal moiety on the one or more arginine residues, wherein R is aryl or 
alkyl moiety. 

28. The recombinant tissue protective cytokine of claim 27, wherein said cytokine is 
15 phenylglyoxal-erythropoietin. 

29. The recombinant tissue protective cytokine of claim 16, whereia said cytokine is an 
erythropoietin in which an arginine residue is modified by reaction with a vicinal diketone 
selected from the group consisting of 2,3-butanedione and cyclohexanedione. 

30. The recombinant tissue protective cytoldne of claim 16, wherein said cytokine is an 
20 erythropoietin in which an arginine residue is reacted with 3-deoxyglucosone. 

31. The recombinant tissue protective cytokine of claim 16, wherein said cytokine is a 
molecule having at least one biotinylated lysine or N-terminal amino group. 

32. The recombinant tissue protective cytokine of claim 16, wherein said cytokine is a 
glucitolyl lysine erythropoietin or fructosyl lysine erythropoietin. 

25 33. The recombmant tissue protective cytokine of claim 1 6, wherein said cytokine 
coroprises at least one carbamylated lysine residue. 
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34. The recombinant tissue protective cytokine of claim 33, wherein said carbamylated 
cytokine is comprised of alpha-N-carbamoylerytbropoietin; N-epsilon- 
caibamcylerythropoietin; alpha-N-caibamoyl, N-epsilon-caibamoylerythropoietin; alpha-N- 
carbamoylasialoerythropoietin; N-epsilon-carbamoylasialoerythropoietin; alpha-N- 

5 caibamoyi, N-epsilon-carbamoylasialoerythropoietin; alpha-N-carbamoylhyposialoerythr- 
opoietin; N-q)silon-carbamoylhyposialoeryQiropoietin; and alpha-N-carbamoyl, N-epsilon- 
caibamoylhyposialoerythropoietin. 

35. The recombinant tissue protective cytokine of claim 16, wherein said cytokine 
comprises at least one acylated lysine residue. 

10 36. The recombinant tissue protective cytokine of claim 35, wherein said cj^okine 
comprises at least one acylated lysine residue. 

37. The recombinant tissue protective cytokine of claim 36, wherein said cytokine 
comprises at least one acylated lysine residue. 

38. The recombinant tissue protective cytokine of claim 37, wherein a said acetylated 
15 cytokine is comprised of alpha-N-acetylerythropoietin; N-epsilon-acetylerythropoietin; 

alpha-N-acetyl, N-epsilon-acetylerythropoietin; alpha-N-acetylasialoerytbropoietin; N- 
epsilon-acetylasialoerythropoietin; alpha-N-acetyl, N-epsilon-acetylasialoerythropoietin; 
alpha-N-acetylhyposialoerythropoietin; N-epsilon-acetylhyposialoerythropoietin; and alpha- 
N-acetyl, N-epsilon-acetylhyposialoerythropoietin. 

20 39. The recombinant tissue protective cytokine of claim 35, wherein a lysine residue of 
said cytokine is succin>dated. 

40. The recombinant tissue protective cytokine of claim 39, wherein said succinylated 
cytokine is comprised of alpha-N-succinylerythropoietin; N-epsilon-succinylerythropoietin; 
alpha-N-succinyl, N-epsilon-succinyleryttiropoietin; alpha-N-succinylasialoerythropoietin; 
25 N-epsilon-succinylasialoOTythropoietin; alpha-N-succinyl, N-epsilon- 

succinylasialoerytbropoietin; alpha-N-succinylhyposialoerythropoietin; N-q)silon- 
sucdnylhyposialoerythropoietin; and alpha-N-succinyl, N-epsilon- 
sucdnylhyposialoerythropoietin. 
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41. The recombinant tissue protective cytokine of claim 16, whereia said cytokine 
comprises at least one lysine residue modified by 2, 4, 6 trintrobenzenesulfonate sodium or 
another salt thereof. 

42. The recombinant tissue protective cytokine of claim 16, wherein said cytokine 
5 comprises at least one nitrated or iodinated tyrosine residue. 

43. The recombinant tissue protective cytokine of claim 16, wherein said cytokine 
comprises an aspartic acid or glutanodc acid residue that is reacted with a carbodiimide 
followed by reaction with an amine. 

44. The recombinant tissue protective cytokine of claim 16, wherein a said amine is 
10 glycinamide. 

45. An isolated nucleic acid molecule that comprises a nucleotide sequence which 
encodes a polypq)tide comprising the recombinant tissue protective cytokine of any one of 
claims 1-6. 

46. A vector comprising a nucleic acid molecule of claun 45 . 

15 47. An expression vector comprising a nucleic acid molecule of claim 45 and at least 
one regulatory region operably linked to the nucleic acid molecule. 

48. The vector of claim 46 or 47 that is a pCiNeo vector. 

49. A genetically-engineered cell which comprises a nucleic acid molecule of claim 45. 

50. A cell comprising the expression vector of claun 45. 

20 51. A pharmaceutical composition comprising a recombinant tissue protective cytokine 
of any one of claims 1-6, lacking at least one activity selected firom tibie group consisting of 
increasing hematocrit, vasoactive action, hyperactivatmg platelets, pro-coagulant activities 
and increasing production of thrombocytes, the cytokine having at least one responsive 
cellular protective activity selected from the group consisting of protectmg, maintaining, 

25 enhancing or restoring the function or viability of a responsive mammalian cell, tissue or 
organ. 
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52. The pharmaceutical composition of claim 5 1, formulated for oral, intranasal, or 
parenteral administration. 

53. The phaimaceutical composition of claim S 1, formulated as a perfusate solution. 

54. A method for protecting, maintaining or enhancing the viability of a cell, tissue or 
5 organ isolated from a mammalian body comprising exposing said cell, tissue or organ to a 

phaimaceutical composition comprising a mutein recombinant tissue protective cytokine. 

55. The method of claim 54, wherein the protection does not effect bone marrow. 

56. A method for protecting, maintaining or enhancing the viability of a cell, tissue or 
organ isolated firom a mammalian body comprising exposing said cell, tissue or organ to a 

1 0 pharmaceutical composition comprising a recombinant tissue protective cytokine of any one 
of claims 1-6, diat lacks at least one activity selected Scorn the group consisting of 
increasing hematocrit, vasoactive action, hyperactivating platelets, pro-coagulant activity 
and increasing production of thrombocytes. 

57. Use of a recombinant tissue protective cytokine of any one of claims 1-6, that lacks 
15 at least one activity selected &om the group consisting of increasing hematocrit, vasoactive 

action, hyperactivating platelets, pro-coagulant activity and increasing production of 
thrombocytes, for the preparation of a pharmaceutical composition for the protection against 
and prevention of a tissue injury as well as the restoration of and rejuvenation of tissue and 
tissue function in a mammal. 

20 58. The use of claim 57, whereia the injury is caused by a seizure disotder, multiple 

sclerosis, stroke, hypotension, cardiac arrest, ischemia, myocardial infarction, inflammation, 
age-related loss of cognitive function, radiation damage, cerebral palsy, neurodegenerative 
disease, Alzheuner's disease, Parkinson's disease, Leigh disease, AIDS dementia, memory 
loss, amyotrophic lateral sclerosis, alcoholism, mood disorder, anxiety disorder, attention 

25 deficit disorder, autism, Creutzfeld- Jakob disease, brain or spinal cord trauma or ischemia, 
heart-lung bypass, chronic heart failure, macular degenemtion, diabetic neuropathy, diabetic 
retinopathy, glaucoma, retinal ischemia, or retinal trauma. 

59. A method for facilitating the transcytosis of a molecule across an endothelial cell 
barrier in a mammal comprising administration to said mammal a composition comprising 
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said molecule in association with a recombinant tissue protective cytokine of any one of 
claims 1-6, lacking at least one activity selected from the group consisting of increasing 
hematocrit, increasing blood pressure, hyperactivating platelets, and increasing production 
of thrombocytes. 

5 60. The method of claim 59, wherein said association is a labile covalQit bond, a stable 
covalent bond, or a non-covalent association with a binding site for said molecule. 

61 . The method of claim 59, wherein said endothelial cell barrier is selected from the 
group consisting of the blood-bram barrier, the blood-eye barrier, the blood-testis barrier, 
the blood-ovary barrier, the blood-heart barrier, the blood-kidney barrier, and the blood- 

10 placenta barrier. 

62. The method of claim 59, wherein said molecule is a receptor agonist or antagonist 
hormone, a neurotrophic factor, an antimicrobial agent, an antiviral agent, a 
radiopharmaceutical, an antisense oligonucleotide, an antibody, an nnmimosuppressant, a 
dye, a marker, or an anti-cancer drug. 

15 63. A composition for transporting a molecule via transcytosis across an endothelial cell 
barrier comprising said molecule in association with a recombinant tissue protective 
cytokine, of any one of claims 1-6, lacking at least one activity selected from the group 
consisting of increasing hematocrit, vasoactive action, hyperactivating platelets, pro- 
coagulant activity and increasing production of thrombocytes. 

20 64. The composition of claim 63, wherein said association is a labile covalent bond, a 
stable covalent bond, or a non-covalent association with a binding site for said molecule. 

65. The composition of claim 63, wherero said molecule is a receptor agonist or 
antagonist hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, 
an antisense oligonucleotide, an antibody, an unmunosuppressant, a dye, a marker, or an 

25 anti-cancer drug. 

66. Use of an recombinant tissue protective cytokine of any one of claims 1-6, lacking at 
least one activity selected from the group consisting of increasing hematocrit, vasoactive 
action, hyperactivating platelets, pro-coagulant activities and increasing production of 
thrombocytes. 
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67. The use of claim 66, wherein said association is a labile cx)valent bond, a stable 
covalent bond, or a non-covalent association with a binding site for said molecule. 

68. The use of claim 66, wherein said molecule is a receptor agonist or antagonist 
hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, an antisense 
oligonucleotide, an antibody, an immunosuppressant, a dye, or a marker, or an anti-cancer 
drug. 



wo 2004/003176 



PCT/US2003/020964 



1/37 




FIG.1 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 



2/37 




FIG. 2 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 PCT/US2003/020964 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



5/37 



RAT CSF EPO CONCENTRATION AFTER PARENTERAL rH-EPO 
ADMINISTRATION (5000 u/kg-bw I.P.) 



120-1 



100- 



80- 



£ 60 



40 



20- 



O-l 




T" 
0.5 



1 1 1 \ r 

1 1.5 2 2.5 3 
HOURS POST INJECTION 



3.5 



4 



FIG. 5 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



6/37 



SK-N-SH NEUROBLASTOMA CELLS 
NEUROPROTECTION ASSAY (AGAINST ROTENONE) 




-I- a: OS 



FIG.6A 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 PCT/US2003/020964 

7/37 



VARIATION 1 




CDS(ampR)2 



FIG.6B 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



8/37 



120—, 



100- 



80 



^ 60- 



40 - 



20— 



EPO 

2 ASIALO-EPO 




10 100 
NG/ML TEST SUBSTANCE 



1000 



FIG. 7 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



9/37 




aaawfiN T130 mvm 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 





140 




120 


CM 




1" 100 


c 




i 


80 




60 












40 




20 




0 



10/37 

ASIALOERYTHROPOIETIN REDUCES INFARCTVOLUME 
AS WELL AS ERYTHROPOIEnN 




SHAM 



ASIALO-EPO 



FIG. 9 



ASIALOERYTHROPOON (DOSE RESPONSE) 




VEHICLE 



5000 u/kg 500 u/kg 250 u/kg 



n FOR EACH GROUP IS 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



0.12 
0.1- 

0.08- 
0.06- 
0.04- 
0.02- 
0 



12/37 

BIOTINYUTED-EPO AND ASIALO-EPO RETAIN 
ACTIVITY IN P19 ASSAY 







FIG. 12 



g 

d 

IjU 

o 



4 - 
3.5- 

3 - 
2.5- 

2- 
1.5- 
1 

0.5 

0 -J 



SURVIVAL OF P19 CELLS ARER SERUM WITHDRAWAL 

■ PHENYLGLYOXAL-EPO 

^ EPO . 




1 ' 10 ' 100 
ng/ml OF COMPOUND ADDED 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 



14/37 



ERYTHROPOIETIN IMPROVES CARDIAC FUNCTION IN 
A HEART ISOIATED FOR TRANSPLANTATION 




BASELINE 60 min 120 min 

(p<0.05) (p<0.01) 

TIME FROM HARVEST 



FIG.15 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 PCT/US2003/020964 

15/37 

RAT HEART 7 DAYS AFTER 30 MINUTES OF ISCHEMIA 
15-| 




FIG. 16 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 






SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



17/37 



RETINOGRAM AMPLTTUDE AFTER 60 min. ISCHEMIA 



80 -n 
70^ 

a 

^ 50-4 



o 



40- 



3 

^ 30H 



i 20H 



10- 
0- 




o-WAVE 



♦p < 0.05 

n = 5 PER GROUP 



SAUNE 
EPO 



b-WAVE 



FIG. 18 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 



18/37 



II 



c75 O o uj , 

^§0 2 





^ QD 

UJcDo™"qO£ 



Z CD 



CO 



CD 



00 



CO 



CO 



CD 



00 
GO 



C3 



a 

O 
Q. 
UJ 

- CO ^ 



CM 



r 



T 

en 



O 

T 



T 

in 
T 



(SQNOOaS) 3Wli WIMS Oa30V1d-0d3 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



19/37 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 



20/37 



KAINATE MODEL 



1 

o 





T 


T 


T 


























VEHICl£ 


EPO 


WP-170 



FIG. 21 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



21/37 

RAT SPINAL CORD COMPRESSION MODEL 




I 1 I \ \ 1 1 

0 5 10 15 20 25 30 

DAYS 



FIG. 22 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 



-a- V 

-4- IV 
-44- VI 

I 

-N- n 
-E-. in 

RABBIT SPINAL CORD ISCHEMIA MODEL 




I 1 i 1 \ T 1 I ^ ' ^ 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

DAYS 



FIG. 23 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



23/37 




FIG,24C 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAIS2003/020964 



24/37 




FIG.25A 




wo 2004/003176 



PCmS2003/020964 




FIG.26B 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



26/37 




FIG.27B 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



27/37 




DAYS 

FIG. 28 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



28/37 



4 




DAYS FROM IMMUNIZATION 



FIG. 29 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 





-TMT +TMT -TMT +TMT 



SUBSTITUTE SHEET (RUUE 26) 



wo 2004/003176 



30/37 



PCT/US2003/020964 



1 



30-1 



20- 



^ io: 



NMDA INDUCED CELL DEATH IN 
PRIMARY HIPPOCAMPAL NEURONS 
COMPOUNDS AT 5nM 



X 



FIG.31 i 



X 



T 



2 

+ 



+ 



ES3 CELL DEATH [%] 









•v ^**. 



o 

.o. 



i 



40-| 
30- 



^ 20-i 



10- 



NEURONAL PROTECTION FROM 
SERUM WITHDRAWAL IN P19 CELLS 



♦ r« .••ft 




7> 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



31/37 



100- 
=,3 90- 
|r, 80- 
§ii 70- 

60- 

50 -L 
50 

0 





o 
I 



ci. 



FIG.33A 



^ii 70- 




S100E [pM] 

FIG.33B 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



32/37 



110-1 
100- 

1^3 80- 

^iS. TO- 
GO - 



To 



50 



* ^ 



• • • 



1 



^ ^ O 

g ^ s 

• ? 

o 



ro 

i 



ro 
o 
o 

• 

o 



a 



to 
o 



ro 



S100E [pM] 



FIG.34A 




EPO [pM] 

FIG.34B 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



33/37 



110-| 

loo- 
s' 90- 

1^1 so- 
il 70- 
60- 

50 
50 

0 



5.1 



> * • 



*** 



•fg^ ^ ^ ^ El 



I 



ro to 



CARBAMYIATED EPO 
(pM) 



FIG.34C 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCTAJS2003/020964 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



37/37 




I 1 1 1 1 1 1 

QO to CM o> o ro o 
^ ^ ^ o o ci o 

((QynfNiNn oi 3Auyi3y) 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/003176 



PCT/US2003/020964 



SEQUENCE IiISTINO 

<110> Kenneth S. Warren Industries, Inc. 
H. Iiundbeck A/S 

<120> RECOMBIKMTT TISSUE PROTECTIVE CYTOKINES AND ENCODING NUCLEIC 
ACIDS. THERBOP PGR PROTECTION, RESTORATION, A23D ENHANCEMENT OF 
RESPONSIVE CELLS/ TISSUES AND ORGANS 

<130> 10165-022-228 

<140> 
<141> 

<150> 60/392,455 

<151> 2002-07-01 

<1S0> 60/393,423 
<151> 2002-07-03 

<160> 212 

<170> PatentIn version 3.2 

<210> 1 

<211> 5 

<212> PRT 

^213> Homo sapiens 

<400> 1 

Val Leu Gin Arg Tyr 
1 5 



<210> 2 

<211> 8 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Thr Lys Val Asn Phe Tyr Ala Trp 
1 5 



<210> 3 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 3 

Ser Gly Leu Arg Ser Leu Tlir Thr Leu 
1 5 



<210> 4 

<211> 6 

<212> PRT 

<213> Homo sapiens 
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<400> 4 

Ser Asn Phe Leu Arg Gly 
1 5 



<210> 5 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 5 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Aen Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Glu Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



-2- 
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Arg Gly Lys lieu Lys Leu Tyr Thr Qly Glu Ala Cys Arg Thr Qly Asp 
180 185 190 



Arg 



<210> 6 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: routein 
<400> 6 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 

20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Asp Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
US 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 
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Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 7 

<211> 580 

<212> UNA 

<213> Homo sapiens 

<400> 7 

atgggggtgc acgaatgtcc tgcctggctg tggcttctcc tgtccctgct gtcgctccct 60 

ctgggcctcc cagtcctggg cgccccacca cgcctcatct gtgacagccg agtcctggag 120 

aggtacctct tggaggccaa ggaggccgag aatatcacga cgggctgtgc tgaacactgc 180 

agcttgaatg agaatatcac tgtcccagac accaaagtta atttctatgc ctggaagagg 240 

atggaggtcg ggcagcaggc cgtagaagtc tggcagggcc tggccctgct gtcggaagct 300 

gtcctgcggg gccaggccct gttggtcaac tcttcccagc cgtgggagcc cctgcactgc 360 

atgtggataa agccgtcagt ggccttcgca gcctcaccac tctgcttcgg gctctgggag 420 

cccagaagga agccatctcc cctccagatg cggcctcagc tgctccactc cgaacaatca 480 

ctgctgacac tttcgcaaac tcttccgagt ctactccaat ttcctccggg gaaagctgaa 540 

gctgtacaca ggggaggcct gcaggacagg ggacagatga 580 



<210> 8 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description o£ Artificial Sequence: primer 

<400> 8 

agctctcgag gcgcggagat gggggtgcac gaatg 35 



<210> 9 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sec[uence: primer 

<400> 9 

atgctctaga cacacctggt catctgtccc ctgtcc 36 



<210> 10 
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<211> 193 

<212> PRT 

<213> Homo sapiens 

<400> 10 



Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asa Phe Tyr Ala Trp Lys Arg 
S5 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 ^5 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 11 
<211> 45 
<212> DHA 
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<213> Artificial 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 11 

catgtggata aagccgtcga gggccttcgc agcctcacca ctctg 45 



<210> 12 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 12 

cagagtggtg aggctgcgaa ggccctcgac ggctttatcc acatg 45 



<210> 13 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 13 

gagaatatca ctgtcccaga caccgacgtt aatttctatg cctgg 45 



<210> 14 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 14 

ccaggcatag aaattaacgt cggtgtctgg gacagtgata ttctc 45 

<210> 15 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 15 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 
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Ala Cys ABp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 55 



Leu Ser Glu Ala Val Leu Arg Gly Qln Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 ISO 



Arg 



<210> 16 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 16 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
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20 



25 30 



He Ala Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 17 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 17 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 
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Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser He Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 SO 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
13? 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 18 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: imitem 

<400> 18 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 
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Leu Ser Leu Pro Leu Qly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Ser Leu Glu Arg Tyr Leu Leu Glu Ala Lya Glu 
35 40 45 



Ala Glu Aen lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Tip Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
X15 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 19 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 19 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 
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X.eu Ser Leu Pro l^u Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 

ne cys ASP ser Arg Val Ala Glu Arg Tyr Leu Leu Glu Ala Lys Glu 

35 

Ala Glu Asa lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 

Asn lie Thx val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 -^-^^ 

Gin pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 

.eu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 "5 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 ISO 

Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 

OXy Lys Leu Lys Leu Tyr Gly Glu Ala Cys Arg Thr Gly Asp 



180 185 



Arg 



<:210> 20 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 



<223> Description of Artificial Sequence: mutein 
<400> 20 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

-11- 
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10 15 



Iieu Ser Leu Pro Leu Oly Leu Pro Val Leu Oly Ala Pro Pro Arg Leu 
20 25 30 

lie Cya Asp Ser Arg Val Leu Ala Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Aan lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 21 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: ntutein 

<400> 21 



-12- 
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Met Gly val His Glu CyB Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 2^ 

lie Cys ABp ser Arg Val Leu Glu Ala Tyr Leu Leu Glu Ala Lys Glu 
35 *0 *^ 

Ala Glu Aan He Thr Thr Gly Cys Ala Glu Hia Cys Ser Leu Asn Glu 

60 



55 



50 

Asn He Thr Val Pro Aap Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 '0 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

100 



Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 

Gin pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
lis "0 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 "5 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 I'O 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 

Arg 

<210> 22 
<211> 193 
<212> PRT 
<213> Artificial 

<223> Description of Artificial Sequence: mutein 
<400> 22 

-13- 
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Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Qlu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Qly Asp 
180 185 190 



Arg 



<210> 23 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: nnitein 
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<400> 23 



Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
, c 10 " 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Qlu Tyr Leu Leu Glu Ala Lys Glu 
35 40 *5 

Ala Olu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Qlu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 HO 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 



145 



150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Qlu Ala Cys Arg Thr Gly Asp 
180 135 190 



Arg 



<210> 24 

<211> 193 

<212> PRT 

<213> Artificial 

<220> . ^ . 

<223> Description of Artificial Sequence: mutem 
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<400> 24 



Met Qly Val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu lieu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Gin Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Qly Cys Ala Qlu His Cys Ser Leu Asn Qlu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Qlu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Qly Asp 
180 185 190 



Arg 



<210> 25 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 



-16- 
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<223> Description of Artificial Sequence: mutein 
<400> 25 

Met Gly Val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys A0P Ser Arg Val Leu Glu Arg Ala Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 BO 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala val ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<2ia> 26 

<211> 193 

<212> PRT 

<213> Artificial 
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<220> 

<223> Description of Artificial Sequence: mutein 
<400> 26 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Phe Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 aO 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Qly Asp 
180 165 190 



Arg 



<210> 27 

<211> 193 

<212> PRT 

<213> Artificial 
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<223> Description of Artificial Sequence: mutein 
<400> 27 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 



I^u ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie cys ASP ser Arg val Leu Glu Arg lie Leu Leu Glu Ala Glu Glu 



35 



40 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His CyB Ser Leu Abu Glu 



55 60 



50 

Asn lie Thr Val Pro Asp Thr Lys val Asn Phe Tyr Ala Trp Lys Arg 
65 70 " 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Qly Leu Ala Leu 
85 90 



Leu ser Glu Ala val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 

Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Qly Asp 



180 



Arg 



<210> 28 
<211> 193 
<212> PRT 
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<213> Artificial 
<220> 

<223> Description of Artificial Sequence: mutein 
<400> 28 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Olu Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Olu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 29 
<211> 193 
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<212> PUT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence! mutexn 

<400> 29 

Met aly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 

Leu ser Leu Pro Leu Qly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Olu Arg Tyr Leu Leu Glu Ala Ala Olu 



35 



40 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 "0 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 ISO "5 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 1'= 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 



180 



185 



Arg 



<210> 30 
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<211> 193 
<212> PRT 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 30 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Ala 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu Hia Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala Zle Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 
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<210> 31 

<211> 193 

<212> PRT 

<213> Artificial 

<223> Description of Artificial Sequence: mutein 

<400> 31 

Met Gly val His Glu Cys Pro Ala Tip Leu Trp Leu Leu Leu Ser Leu 

1 5 10 15 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 

lie cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 *0 *^ 

Ala Glu Lys lie THr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Tir Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 " 80 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys ftla Val Ser Gly 
1]_5 120 125 



Leu Arg Ser 
130 



Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lya Glu 



135 140 



Ala 
145 



He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
150 155 



Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 I'^O "5 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 



Arg 
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<210> 32 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: mutein 

<400> 32 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Sex Leu 
1 5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn lie Thr Thr Gly Ser Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Glxi Leu His Val Asp Lys Ala Val Ser Gly 
lis 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 3-85 190 



Arg 
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<210> 33 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: mutem 

<400> 33 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

- e 10 IS 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Qly Ala Pro Pro arg Leu 
20 25 30 

lie cys Asp ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 *0 " 

Ala Glu Asn lie Thr Thr Qly Tyr Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn 
65 



lie Thr val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
70 75 80 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 ®^ 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 l^O 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 ISO 



Azg 
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<210> 34 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 34 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Asn Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
lao 185 190 
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Arg 



<210> 35 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 



<223> Description of Artificial Sequence: mutein 
<400> 35 

Met Gly Val His Glu Cya Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

10 " 



1 



Leu ser Leu Pro Leu Qly Leu Pro Val Leu Oly Ala Pro Pro Arg Leu 
20 



25 30 



rie Cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 *^ 

Ala Glu Asn He Thr Thr Gly Cya Ala Glu Thr Cys Ser Leu Asn Glu 
50 S5 60 



65 



Asn He Thr Val Pro Asp Thr Lys Val Aan Phe Tyr Ala Trp Lys Arg 
70 ' = 

Met Glu val Qly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 



85 



90 



Leu Ser 

100 



Glu Ala val Leu Arg Qly Gin Ala Leu Leu Val Aan Ser Ser 



105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 



130 



13S 1*0 



Ala He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 ISO 1" 

Ito Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 



165 



170 



Arg Qly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 18S 
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Arg 



<210> 36 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: routein 
<400> 36 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Ser Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thx Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Txp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
ISO 185 190 
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Arg 



<210> 37 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ ^ . 

<223> Description of Artificial Sequence: mutein 

<400> 37 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie cys Asp ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Tyr Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
X15 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 ISO 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
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180 185 190 



Arg 



<210> 38 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 38 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 IS 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Lys lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 
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Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 



Arg 



<210> 39 

<211> 193 

<212> PRT 

<213> Artificial 

<220> . . 

<223> Description of Artificial Sequence, mutein 

<400> 39 

Met Qly val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
Leu ser Leu Pro Leu Qly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 



20 



25 



lie cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 



Ala Glu Asn 
50 



He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 



55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 -70 "^5 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Lys Ser Ser 



100 



105 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 



115 



120 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
14S 1=0 155 

Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 "0 " 
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Arg Qly Lys Leu Lys Leu Tyr Tlir Qly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 40 

<211> 193 

<212> PRT 

<213> Artificial 

<220v 

<223> Description of Artificial Sequence: mutein 
<400> 40 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



Xle Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 €0 



Asn lie Thr Val Asn Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



-32- 



wo 2004/003176 



PCTAJS2003/020964 



Arg Gly Lya Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 41 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 41 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Ala Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
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165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Qlu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 42 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 42 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



.Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Ala Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 60 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 
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Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 



Arg 



<210> 43 

<211> 193 

<212> PRT 

<213> Artificial 

<220> . , . . 

<223> Description of Artificial Sequence: mutem 

<400> 43 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

1 5 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He eye Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 

Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn 
65 



He Thr val Pro Asp He Lys Val Asn Phe Tyr Ala Trp Lys Arg 



70 75 80 



Met Olu val Oly.om Oln Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 ®^ 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin pro Tip Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 
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Thr Ala Asp Hir Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Qly Asp 
180 185 190 



Arg 



<210> 44 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 44 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
IS 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Asp Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Qly Leu Ala Leu 
85 90 95 



Leu Ser Olu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu Hie Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 
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Thr laa Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Abu Phe Leu 

170 175 



165 



Ara GlY Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 

185 



180 



Arg 



<210> 45 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ , 

<223> Description of Artificial Sequence: rautein 

<400> 45 

Met Glv Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
5 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Acq Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Qlu 
50 55 60 . 

Asn He Thr Val Pro Asp Thr Ala Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu val Gly Gin Qln Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 50 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
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145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
IBO 185 190 



Arg 



<210> 46 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 46 

Met Gly Val Hie Glu Cye Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lye Ala Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 
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Ala ne Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 

Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Olu Ala Cys Arg Thr Oly Asp 
180 



Arg 



<210> 47 

<211> 193 

<212> PRT 

<213> Artificial 

<223> Description of Artificial Sequence: iiiutein 

<400> 47 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu ser Leu 
1 5 10 " 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie cys ASP ser Arg val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 

Ala Glu Asn lie The Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 



55 



€0 



50 

Asn He Thr Val Pro Asp Thr Lys Val Ala Phe Tyr Ala Trp Lys Arg 
S5 



Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 



Leu ser Glu Ala val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 



100 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Aap Lys Ala Val Ser Gly 
115 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 "° 
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Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 48 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 48 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn He Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105' 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 
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Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 

Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 



180 



185 



Arg 



<210> 49 

<211> 193 

<212> PRT 

<213> Artificial 

<22 0 > 

<223> Description of Artificial Sequence: mutein 

<400> 49 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 2S 

lie cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
Ala Glu Asii He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 



50 



55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asu Ala Tyr Ala Trp Lys Arg 



65 



70 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser 



Glu Ala val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 



100 



105 



Gin pro Trp" Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 

^ ^ I2d 



115 



120 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 



-41- 



wo 2004/003176 



PCTAJS2003/020964 



130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
16S 170 175 



Arg Qly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 50 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description o£ Artificial Sequence: mutein 
<400> 50 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Qly Leu Pro Val Leu Qly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Ala Ala Trp Lys Arg 
65 70 75 ao 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 
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Leu Ara Ser Leu Thr Thr Leu Leu Arg Ala Leu GXy Ala Gin Lys Glu 
130 "S 1*0 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 



145 



150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 51 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial sequence: mutein 

<:400> 51 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 " 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cya Ala Glu His Cys Ser Leu Asn Glu 
SO 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Ser Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Oln Ala Val Qlu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 
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Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 150 



Arg 



<210> 52 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: inutein 

<400> 52 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Phe Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
as 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 - 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 
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Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 ISO 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 1"= 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
ISO 185 190 



Arg 



<210> 53 

<211> 193 

<212> PRT 

<213> Artificial 

<220> . 

<223> Description of Artificial Sequence: rautem 

<400> 53 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
5 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie cys Asp ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Asn Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
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115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Fro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Qly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 54 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 54 

Met Gly Val His Glu Cye Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Qly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Ala Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala val Glu val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 
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Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 

115 



Gin Pro Trp Glu Pro Leu Gin Leu His vai Asp uye ~« 

120 125 



Leu Arg Ser Leu ^r Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala 
145 



lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 



150 155 



160 



Thr Ala ASP THr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Olu Ala Cys Arg Thr Gly Asp 
180 185 



Arg 



<210> 55 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: rautem 

<400> 55 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He cys Asp ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu val Gly Gin Asn Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 
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Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lya Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 56 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: niutem 
<400> 56 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 eo 

Met Glu Val Gly Gin Gin Ala Val Thr Val Trp Gin Gly Leu Ala Leu 
85 90 ' ^5 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 
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Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
lis 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Qly Ala Gin Lys Glu 
130 135 140 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 57 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of totificial Sequence: mute in 
<400> 57 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Aen He Thr Thr Gly Cye Ala Glu Hie Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Ser Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
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100 105 110 



Qln Pro Trp Glu Pro I<eu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Aap 
180 185 190 



Arg 



<210> 58 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 

<400> 58 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 " 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Qln Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 
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Ala Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Sex Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lya Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 ISO 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 59 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 59 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 
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Leu Ser Olu Ala Val Leu Arg Gly Qln Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Qln Pro Txp Glu Pro Leu Gin Leu His Val Arg Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 1S5 190 



Arg 



<210> 60 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 60 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn rie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 
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Leu ser olu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asa Ser Ser 
100 "° 

Gin Pro Trp Glu Pro Leu Gin Leu Hie Val Asp Ala Ala Val Ser Sly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Qly Ala Gin Lys Glu 
130 "5 "° 



Ala 
145 



lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 

150 ^55 



Thr Ala ABp Thr Phe Arg Lys Leu Phe Arg VaX Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Tta Qly Asp 
180 



Arg 



<210> 61 

<211> 153 

<212> PRT 

<213> Artificial 

<220> ^ J 

<223> Description of Artificial Sequence: rautein 

<400> 61 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
- 5 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 



25 30 



He cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu 
50 



Asn He Thr Thr Gly Cys Ala Glu His Cys ser Leu Asn Glu 



55 60 



Asn 
65 



Met 



He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 



70 



75 



Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
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85 90 95 



Leu Ser Qlu Ala Val Leu Arg Qly Gin Ala Leu Leu Val Asn Ser 8er 
100 105 110 



Oln Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Arg Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 62 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 62 

Met Gly Val His Glu Cya Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 
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Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Glu Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Aep Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Aap Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 63 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: mutem 

<400> 63 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr ^bx Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 



70 75 80 
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Met Qlu Val Qly Qln Gin Ala Val Qlu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ala Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 64 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 64 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 
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Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Thr Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 65 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 65 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
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65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Qly Qln Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Ala 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 56 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 66 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Fro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 
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Asn lie Thr Val Pro Asp Thr Lys Val Asn Piie Tyr Ala Trp Lys Arg 



65 



70 75 80 



Met Qlu val Qly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Qlu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser lie 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Ara Gly Lys Leu Lys Leu Tyr Thr Gly Qlu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 67 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 67 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
5 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Aep Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 
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Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Olu Val Qly Oln Gin Ala Val Glu Val Trp Glxx Gly Leu Ala Leu 
85 90 9S 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Qly 
115 120 125 



Ala Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lya Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
ISO 185 190 



Arg 



<210> 68 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 68 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Olu 
50 55 60 
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Asn lie Thr Val Pro Asp Thr Lys val Aaa Phe Tyr Ala Trp Lys Arg 
65 70 . 75 ^ 80 

Met Glu Val Gly Glu Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Ala Ser Leu Thr Thr leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 1" 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 "° 

Thr Ala ABp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 I'O 

Arq Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 69 

<211> 193 

<212> PET 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: tmitein 

<400> 69 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

- C 10 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie cys Asp ser Arg Val Leu Qlu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu Hie Cys Ser Leu Asn Glu 



-61- 



wo 2004/003176 



PCT/US2003/020964 



50 55 60 



Aen He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Qly lieu Ala Leu 
85 90 95 



IiBu Ser Qlu kla, Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Qlu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Glu Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 70 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: ttcutein 
<400> 70 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 
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Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 aO 

Met Glu val Gly Gin Gin Ala val Glu val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ala Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 71 

<211> 193 

<2l2> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Secpience: imtein 
<400> 71 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 
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Ala Glu Ash He Thr Thr Gly Cys Ala Qlu His Cya Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Tlir Lys Val Asn Phe Tyr Ala Trp Lye Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg He Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
160 185 190 



Arg 



<210> 72 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 72 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 
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Ala Glu ASH He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp 'Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 



Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Ala Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 73 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutem 
<400> 73 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
5 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
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35 



40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He TThr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Ala Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<21G:> 74 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 74 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Lieu 
20 25 30 
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lie cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met 



Glu Val Gly am Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 



85 



90 



Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn ser Ser 



100 



105 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
lis 120 125 

Leu Arg ser Leu lie Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala 
145 



He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
150 155 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 



Arg 



<210> 75 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Secjuence: mutein 

<400> 75 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
ci 10 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Sly Ala Pro Pro Arg Leu 
20 



25 30 
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lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Olu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 €0 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lye Arg 
65 70 75 80 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Ala Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 76 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 76 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 
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lie Cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Qlu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 SO 



Asn 
65 



lie Thr val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 



70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
as 90 95 



Leu ser Glu Ala Val Leu Arg Sly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 

Gin Pro Trp Qlu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Leu Leu Leu Arg Ala Leu Gly Ala Qln Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arq Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
^ 180 185 "0 



Arg 



<210> 77 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequences mutein 

<400> 77 

Met Gly Val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
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20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Ijeu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Lys Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
isb 185 190 



Arg 



<210> 78 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 78 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 
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Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Ala Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 79 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rauteln 
<400> 79 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 
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Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Oly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 *5 

Ala Glu Asn lie Thx Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
1X5 120 125 

Leu Arg Ser Leu Thr Thr Ser Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 . 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 • 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Oly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 80 

<:211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 

<400> 80 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 
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l,eu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ma Pro Pro Arg Leu 

20 

lie CyB ASP Ser Arg val Leu Glu Arg Tyr Leu Leu Olu Ala Lys Glu 
35 *° 

Ala Glu Asn lie Thr Tbr Gly Cys Ala Glu HiB Cys Ser Leu Asn Glu 



55 



50 

ABn lie Thr Val Pro Asp Thr Lys Val Asu Phe Tyr Ala Trp Lys Arg 



65 



70 



Met Glu val Gly Gin Glu Ala Val Glu Val Trp Glu Gly Leu Ala Leu 
85 



I^u ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 

Gin pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Ala Glu 
130 "5 "0 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 



145 



ISO 



Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cya Arg Thr Gly Asp 



180 



Arg 



<210> 81 

<211> 193 

<212> PRT 

<:213> Artificial 

<220> 



<223> Description of Artificial Sequence: mutein 
<400> 81 

Met Gly val His Glu CyB Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
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10 15 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lya Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lya Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
lis 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 • 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ala Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arcj Glv Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 82 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 

<400> 82 
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Met Oly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

5 10 J-5 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Ala He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 83 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: imitein 

<400> 83 
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Met Gly Val His Glu Cys Pro Ala Trp Leu Tzp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Qly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lye Arg 
65 70 75 80. 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr Ala 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 84 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Secnience: mutein 
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<400> 84 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Qln Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 ^5 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Ala Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
ISO 185 ISO 



Arg 



<2X0> 85 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
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<400> 85 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Ala Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 86 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 
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<223> DeBcription of Artificial Sequence: mutein 
<400> 86 

31y val Hi. «u cy. ^. «P ^ - "« y 



s„ ^ p~ ^ «^ "a n° 

XI. =v. «P s.r V.1 01. T,r 01" -0- 

35 

. n Ti« THr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
Ala Glu Asn He mr Tnr ^xy y-y 

50 

.sn ne 'n. vaX Pro Asp thr Lye Val As. Phe Tyr Ala Trp .ys Are 
65 "^^ 

Met aiu Val aiy am ai. Ala Val Olu Val Trp Oln Oly Le. Ala X.e. 
85 

1.1. val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
Leu Ser Glu Ala Val Leu Axg ^ 110 
100 

T^ii Hia Val Asp Lys Ala Val Ser Gly 
Gin pro Trp Glu pro Leu Gin Leu Hie vai ASP y 

115 

^ s.. L.« T« ^ »!. :^ Oly Al. 31. Ly. 

130 

lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro I^u Arg ^ Xle 
145 "° 

^ .la ASP Thr P.e Ars .ys .eu Xle Arg Val Tyr Ser Asn Phe .eu 

165 

T T-..a T.eu Tvr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
Arg Gly Lys Leu Lys Leu Tyr 
180 



Arg 



<210> 87 

<211> 193 

<212> PRT 

<213> Artificial 
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<220> 

<223> Description of Artificial Sequence: mutein 
<400> 87 

Met Gly VaX His GIu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Olu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Fro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 7S 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Qln Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 1€0 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Ala Val Tyr Ser Asn Phe Leu 
16S 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 88 

<211> 193 

<212> PRT 

<213> Artificial 
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<223> Description of Artificial Sequence: ttnitein 
<400> 88 

Met Qly Val His Ql« Cys Pro Ala Trp Leu Trp I*u Ser Leu 

1 5 1° 



Leu ser Leu Pro Leu OXy Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 

lie Cys ASP ser Arg Val Leu Olu Arg Tyr Leu Leu Qlu Ala Lya Glu 
35 *° 

Ala Glu ABU lie Tbr Thr Gly Cya Ala Glu His Cys Ser Leu Asn Glu 
50 S5 60 

lie Ito val Pro Asp Thr Lys Val Asn Phe Tyr Ala Xrp Lys Arg 



65 70 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 

Leu ser Glu Ala Val Leu Arg Qly Gin Ala Leu Leu Val Asn Ser Ser 



100 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 



115 



120 



Leu Arg Ser Leu Thr Thr Leu I«u Arg Ala Leu Gly Ala Gin Lys Olu 
130 135 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 



ISO 



145 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ala Asn Phe Leu 
165 ^"^ 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 



Arg 



<210> 89 
<211> 153 
<212> PRT 
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<213> Artificial 
<220> 

<223> Description of Artificial Sequence: tautein 
<400> 89 

Met Gly Val His Qlu Cys Pro Ala Trp Leu Txp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Qlu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lya Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lya Leu Phe Arg Val Tyr Ser Lys Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 90 
<211> 193 
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<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 90 

Met Gly Val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu Hie Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Qly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Ala Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 91 
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<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 

<400> 91 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Qly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Aan He Xhr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Tyr Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Olu Ala Cys Arg Thr Gly Aap 
180 185 190 



Arg 
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<210> 92 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 



<223> Deecription of Artificial Sequence: tmitein 
<400> 92 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Qly Ala Pro Pro Arg Leu 
20 25 30 

lie cys ASP ser Arg Val Leu Olu Arg Tyr Leu Leu Glu Ala Lya Olu 



35 



40 



Ala Olu Aan He Thr Thr Gly Cys Ala Glu His Cye ser Leu Asn Glu 



50 



55 SO 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 



6B 



70 



Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 S° 



Leu ser Olu Ala Val Leu Arg Gly Qln Ala Leu Leu Val Asn Ser Ser 
100 



Gin pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 



130 



135 1*0 



. Ala lie ser Pro Pro Aap Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 



145 



150 



Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Ala Leu 
165 1"^° 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 1^5 



Arg 
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<210> 93 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutem 
<400> 93 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 35 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lye Ala Val Ser Gly 
lis 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lye Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Ala 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 
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<210> 94 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequences mutexn 
<400> 94 

Met Gly val His Qlu Cya Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys ASP Ser Arg Val Leu Qlu Arg Tyr Leu Leu Glu Ala Lya Qlu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cya Ala Glu His Cys Ser Leu Aan Glu 
SO 55 60 



Asn He Thr Val Pro Asp Ihr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 



70 75 80 



Met Glu Val Gly Gin Gin Ala val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Qln Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He ser Pro Pro Asp Ala Ala ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 "0 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Ala Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 
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<210> 95 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 95 

Met Gly Val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 ^0 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Qlu Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 
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Arg 



<210> 96 

<211> 193 

<212> PRT 

<2X3> Artificial 

<220> 

<223> Deecription of Artificial Sequence: mutein 
<400> 96 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Qln Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Ala Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 
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Arg 



<210> 97 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence; mutein 
<400> 97 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Tlir Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 55 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Ala Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 
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Arg 



<:210> 98 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: imitein 
<400> 98 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cya Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Trp Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
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180 185 190 



Arg 



<210> 99 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutexn 

<400> 99 

Met Gly Val His Glu Cye Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyx Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lye Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 
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Oly .ys Ala I.yB Leu Tyr GXy Olu Ala Cys Arg Thr Gly Asp 



180 



Arg 



<210> 100 

<211> 193 

<212> PRT 

<213> Artificial 

c220> 



<223> Description of Artificial Seqpience: mtein 
<400> 100 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp I.eu Leu Leu Ser Leu 

^ e 10 



Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 

lie cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Qlu Ala Lys elu 
35 *° 

Ala aiu A»n lie Thr Thr Gly Cys Ala Glu Hie Cys Ser Leu Asn Glu 
50 55 60 

Xsn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 



70 



65 

Met Olu val Gly Gla Gin Ala Val Glu Val Txp Gin Gly Leu Ala Leu 
85 

Leu ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 



100 



105 



Gin pro Trp Glu Pro Leu Oln Leu His Val Asp Lys Ala Val Ser Gly 



115 



120 



Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 



Leu Arg Ser Leu Thr Tnr neu u^u i^a ~- — — ^ 



130 



Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg T^r lie 



145 



150 



Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 



165 



170 
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Arg Gly l.ys Leu Ala Leu Tyr Thr Oly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 101 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 
<400> 101 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
IS 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Tlir Thr Qly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu Hia Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 
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Arg Gly Lys Leu Lya Ala Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 102 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 102 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 . 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 SO 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
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165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Ala Qlu Ala Cys Axg Thr Qly Asp 
180 185 190 



Arg 



<210> 103 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 103 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Hir Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 
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Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Piie Leu 
165 170 175 

ATQ Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Ser Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 104 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 104 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 60 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 160 
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Thr Ala Asp Thr Phe Arg hys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Ala Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 105 

<211> 193 

<212> PRT 

<213> Artificial 

<22a> 

<223> Description of Artificial Sequence: mutein 
<400> 105 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
€5 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 
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Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Ala Thr Gly Asp 
IBO 185 190 



Arg 



<210> 106 

<211> 192 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 106 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Glu His Cys Ser Leu Asn Glu Asn 
50 55 60 



lie Thr Val Pro Asp Thr Asp Val Asn Phe Tyr Ala Trp Lys Arg Met 
65 70 75 80 



Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu Leu 
85 90 95 



Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser Gin 
100 105 110 



Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala val Glu Gly Leu 
115 120 125 



Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu Ala 
130 135 140 



He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie Thr 
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145 150 155 160 



Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu Arg 
165 170 175 



Gly Iiys Leu Lys Leu Tyr Tbr Gly Glu Ala Cys Arg Thr Gly Asp Arg 
180 185 190 



<210> 107 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 107 

Met Gly Val His Qlu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Asn Glu Thr Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Qlu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 160 
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Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> lOB 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 108 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Qlu Ala Lys Glu 
35 40 45 



Ala Qlu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Asp Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 
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Thr Ala Asp Thr Phe Arg hys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Glu Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Aap 
180 185 190 



Arg 



<210> 109 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence-, mutein 
<400> 109 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Glu Ser Leu Thr Thr Ser Leu Arg Ala Leu Gly Ala Gin Lys Glii 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 
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Thr Ala Asp Thr Phe Arg hys Leu Phe Arg Val Tyr Ser Aen Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 110 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Secjuence: mutein 
<400> 110 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu ^ro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Ala Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 



-103- 



wo 2004/003176 



PCTAJS2003/020964 



145 150 155 160 



Thr Ala Asp Thr Phe Arg Ala Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 111 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 111 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu ser Leu Pro Leu Gly Leu Pro val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn lie Thr Val Pro Asp Thr Ala Val Asn Phe Tyr Ala Trp Ala Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
lis 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 
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Ala He Ser Pro Pro Aep Ala Ala Ser Ala Ala Pro Leu Arg Thr He 

145 150 155 160 

Thr Ala Asp Thr Phe Arg Ala Leu Phe Arg Val Tyr Ser Asn Phe Leu 

165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 112 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: ntutein 
<400> 112 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 SO 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Qlu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 ao 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
... 130 135 140 
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Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Acs 

145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 113 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 

<400> 113 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin* Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Ala Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



-106- 



wo 2004/003176 



PCT/US2003/020964 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Ala Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 114 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 114 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Ala Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Ala Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 



-107- 



wo 2004/003176 



PCT/US2003/020964 



130 



135 140 



Ala He ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Ala Leu Lys Leu Tyr Thr Qly Glu Ala Cys Arg Thr Qly Asp 
IBO 185 190 



Arg 



<210> 115 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: rautein 

<400> 115 

Met Qly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Thr Val Pro Asp Thr Ala Val Asn Phe Tyr Ala Trp Ala Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu val Asn Ser Ser 
100 105 110 

Gin Pro 'Trp Glu Pro Leu Gin Leu His Val Asp Ala Ala Val Ser Gly 
115 120 125 
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Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 

Ala lie ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 

Thr Ala ABp Thr Phe Arg Ala Leu Phe Arg Val Tyr Ser Asn Phe Leu 
X65 170 ■'■^^ 

Arg Gly Ala Leu Lys Leu Tyr Thr Gly Qlu Ala Cys Arg Thr Gly Asp 
180 



Arg 



<210> 116 

<211> 193 

<212> PRT 

<213> Artificial 

<220> . J 

<223> Description of Artificial Sequence: mutein 

<400> 116 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 ^ 

Leu ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys ASP ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Qlu 
33 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cye ser Leu Asn Glu 
50 55 " 

Asu lie Thr val Pro Asp Thr Ala Val Asn Phe Tyr Ala Trp Ala Arg 
SS 70 75 

Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

Leu ser Slu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Aen Ser Ser 
100 105 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Ala Ala Val Ser Gly 
115 120 125 
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Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 ISO 



Thr Ala Asp Thr Phe Arg Ala Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Ala Leu Ala Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 117 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutein 
<400> 117 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 

35 40 45 

Ala Glu Lys He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Lys He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 ®5 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Lys Ser Ser 
100 105 110 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 
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Leu Arg Sar Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 

Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 118 

<211> 193 

<212> PRT 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: mutem 
<400> 118 

Met Gly val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
5 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp ser Arg Val Leu Glu Arg Ala Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Lys He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 



-111- 



wo 2004/003176 



PCTAJS2003/020964 



115 



120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 ISO 155 160 

Thr Ala ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Ar<? Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
lao 185 190 



Arg 



<210> 119 

<211> 193 

<212> PRT 

<213> Artificial 

<220> ^ . 

<223> Description of Artificial Sequence: mutexn 

<400> 119 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
1 5 10 IS 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Ala Ala Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Aen He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 
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Qln Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 X55 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 



Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 



Arg 



<210> 120 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 120 

gtctactcca atttcctcga gggaaagctg aagctg 



36 



34 



<210> 121 

<211> 34 

<212> DMA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 121 

gcttcagctt tccctcgagg aaattggagt agac 

<210> 122 

<211> 32 

<212> DNA 

c;213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 122 

ccgtcagtgg ccttgagagc ctcaccactc tg 32 



<210> 123 
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<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 123 

cagagtggtg aggctctcaa ggccactgac gg 



<210> 124 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 124 

ccgtcagtgg ccttgagagc ctcaccactc tg 



<210> 125 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 125 

cagagtggtg aggctctcaa ggccactgac gg 



<210> 126 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 126 

cgcagcctca ccacttcgct tcgggctctg g 



<210> 127 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 127 

ccagagcccg aagcgaagtg gtgaggctgc g 



<210> 128 
<211> 40 
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<212> DNA 

<213> Artificial 

<220> . , . 

<223> Description of Artificial Sequence: primer 

<400> 128 

gaatatcact gtcccagacg gtggtgcctg gaagaggatg 



<210> 129 

<211> 40 

<212> DlIA 

<213> Artificial 



<220> 

<223> Deecription of Artificial Sequence: primer 
<400> 129 

catcctcttc caggcaccac cgtctgggac agtgatattc 



<210> 130 

<211> 33 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 

<400> 130 ■ 33 

tacctcttgg aggccgcgga ggccgagaat ate 



<210> 131 

<211> 33 

<212> DMA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 131 

gatattctcg gcctccgcgg cctccaagag gta 



<210> 132 

<211> 35 

<212> DMA 

<213> Artificial 



<220> . . 

<223> Description of Artificial Sequence: primer 

<400> 132 

gctgacactt tccgcgcact cttccgagtc tactc 



<210> 133 
<211> 35 
<212> DNA 
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<213> Artificial 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 133 

gagtagactc ggaagagtgc gcggaaagtg tcagc 



<210> 134 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Seqcuence: primer 

<400> 134 

atttcctccg gggagcgctg aagctgtaca cag 



<210> 135 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 135 

ctgtgtacag cttcagcgct ccccggagga aat 



<2l0> 136 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 136 

ctccggggaa agctggcgct gtacacaggg ga 



<210> 137 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 137 

tcccctgtgt acagcgccag ctttccccgg ag 



<210> 138 

<211> 35 

<212> DNA 

<213> Artificial 
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<220> , 

<223> Description of Artificial Sequence: primer 
<400> 138 

actgtcccag acaccgcagt taatttctat gcctg 



<210> 139 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 139 

caggcataga aattaactgc ggtgtctggg acagt 



<210> 140 

<211> 35 

<212> DNA 

<213> Artificial 

<220> . 

<223> Description of Artificial Sequence: primer 

<400> 140 35 
agttaatttc tatgcctggg cgaggatgga ggtcg 



<210> 141 

<211> 35 

<212> DMA 

<213> Artificial 

<220> , 

<223> Description of Artificial Sequence: primer 

<400> 141 35 
cgacctccat cctcgcccag gcatagaaat taact 



<210> 142 

<211> 33 

<212> DNA 

<213> Artificial 



<220> 

<222> Description of Artificial Sequence: primer 

<400> 142 33 
tgcagctgca tgtggatgca gccgtcagtg gcc 



<210> 143 

<211> 33 

<212> DNA 

<213> Artificial 
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<220> 

<223> Description of Artificial Sequence: primer 
<400> 143 

ggccactgac ggctgcatcc acatgcagct gca 



<210> 144 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 
<400> . 144 

ctctgggagc ccaggcggaa gccatctccc ct 



<210> 145 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 145 

^9999^9atg gcttccgcct gggctcccag ag 



<210> 146 

<211> 35 

<212> DMA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 146 

gctgacactt tccgcgcact cttccgagtc tactc 



<210> 147 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 147 

gagtagactc ggaagagtgc gcggaaagtg tcagc 



<210> 148 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 
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<223> Description of Artificial sequence: primer 
<400> 148 

agttaatttc tatgcctggg cgaggatgga ggtcg 



<210> 149 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 149 

cgacctccat cctcgcccag gcatagaaat taact 35 



<210> 150 

<211> 35 

<212> DNA 

<213> Artificial 



<22Q> 

<223> Description of Artificial Sequence: primer 
<400> 150 

gctgacactt tccgcgcact cttccgagtc tactc 



<210> 151 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 151 

gagtagactc ggaagagtgc gcggaaagtg tcagc 35 



<210> 152 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 152 

agttaatttc tatgcctggg cgaggatgga ggtcg 35 



<210> 153 

<211> 35 

<212> DNA 

<:213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 
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<400> 153 

cgacctccat cctcgcccag gcatagaaat taact 



<210> 154 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 154 

actgtcccag acaccgcagt taatttctat gcctg 



<210> 155 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 155 

caggcataga eiattaactgc ggtgtctggg acagt 



<210> 156 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 156 

tgcagctgca tgtggatgca gccgtcagtg gcc 



<210> 157 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 157 

ggccactgac ggctgcatcc acatgcagct gca 



<210> 158 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 
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<400> 158 

atttcctccg gggagcgctg aagctgtaca cag 33 



<210> 159 

<211> 33 

<2i2> vm 

<213> Artificial 
<220> 

<223> Description of Artificial Sequence: primer ) 

<400> 159 

ctgtgtacag cttcagcgct ccccggagga aat 33 

<210> 160 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 160 

tgcagctgca tgtggatgca gccgtcagtg gcc 33 



<210> 161 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 161 

ggccactgac ggctgcatcc acatgcagct gca 33 



<210> 162 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 162 

atttcctccg gggagcgctg aagctgtaca cag 33 



<210> 163 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 163 
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ctgtgtacag cttcagcgct ccccggagga aat 



<210> 164 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<40O> 164 

actgtcccag acaccgcagt taatttctat gcctg 



<210> 165 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 165 

caggcataga aattaactgc ggtgtctggg acagt 

<210> 166 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 166 

tgcagctgca tgtggatgca gccgtcagtg gcc 

<210> 167 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial sequence: primer 

<400> 167 

ggccactgac ggctgcatcc acatgcagct gca 



<210> 168 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence; primer 

<400> 168 

atttcctccg gggagcgctg aagctgtaca cag 
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DeBcription of Artificial Sequence: primer 



<210> 169 

<211> 33 

<212> DNA. 

<213> Artificial 

<220> 
<223> 

<400> 169 

ctgtgtacag cttcagcgct ccccggagga aat 



<210> 170 

<211> 35 

<212> DKA 

<213> Artificial 



33 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 170 

actgtcccag acaccgcagt taatttctat gcctg 35 



<210> 171 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 171 

caggcataga aattaactgc ggtgtctggg acagt 35 



<210> 172 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 172 

agttaatttc tatgcctggg cgaggatgga ggtcg 35 



<210> 173 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 173 

cgacctccat cctcgcccag gcatagaaat taact 35 
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<2aO> 174 

<211> 33 

<212> DNA. 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 174 

tgcagctgca tgtggatgca gccgtcagtg gcc 



<210> 175 

<211> 33 

<212> SNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 175 

ggccactgac ggctgcatcc acatgcagct gca 

<210> 176 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 176 

atttcctccg gggagcgctg aagctgtaca cag 



<210> 177 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 177 

ctgtgtacag cttcagcgct ccccggagga aat 



<210> 178 

<211> 35 

<212> DNA 

<2X3> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 178 

actgtcccag acaccgcagt taatttctat gcctg 
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<210> 179 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: prxmer 

<400> 179 35 
caggcataga aattaactgc ggtgtctggg acagt 



<210> 180 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 1 
<223> Description of Artificial Sequence: primer 

<400> 180 35 
agttaatttc tatgcctggg cgaggatgga ggtcg 



<210> 181 

<211> 35 

<212> DNA 

<213> Artificial 



<223> Description of Artificial Sequence: primer 

<400> 181 ^ *. 35 

cgacctccat cctcgcccag gcatagaaat taact 



<210> 182 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 

<400> 182 35 
gctgacactt tccgcgcact cttccgagtc tactc 



<210> 183 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 

<400> 183 35 
gagtagactc ggaagagtgc gcggaaagtg tcagc 



<210> 184 
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<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 184 

tgcagctgca tgtggatgca gccgtcagtg gcc 33 



<210> 185 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 185 

ggccactgac ggctgcatcc acatgcagct gca 33 



<210> 186 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 186 

atttcctccg gggagcgctg aagctgtaca cag 33 



<210> 187 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 187 

ctgtgtacag cttcagcgct ccccggagga aat 33 



<210> 188 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 188 

actgtcccag acaccgcagt taatttctat gcctg 35 



<210> 189 
<211> 35 
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<212> DMA 

<213> Artificial 



<220> . 
<223> Description of Artificial Sequence: primer - 

<400> 189 

caggcataga aattaactgc ggtgtctggg acagt 



<210> 190 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 190 

agttaatttc tatgcctggg cgaggatgga ggtcg 



<210> 191 

<211> 35 

<212> DNA 

<213> Artificial 



<220> . 
<223> Description of Artificial Sequence: primer 

<400> 191 35 
cgacctccat cctcgcccag gcatagaaat taact 



<210> 192 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 



<220> . 
<223> Description of Artificial Sequence: primer 

<400> 192 35 
gctgacactt tccgcgcact cttccgagtc tactc 



<210> 193 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 

<400> 193 35 
gagtagactc ggaagagtgc gcggaaagtg tcagc 



<210> 194 
<211> 32 
<212> DNA 
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<213> Artificial 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 194 

ctccggggag cgctggcgct gtacacaggg ga 



<210> 195 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 195 

tcccctgtgt acagcgccag cgctccccgg ag 



<210> 196 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 196 

caaggaggcc gagaaaatca cgacgggctg t 



<210> 197 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 197 

acagcccgtc gtgattttct cggcctcctt g 



<210> 198 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 198 

actgcagctt gaatgagaaa atcactgtcc cagacac 



<210> 199 

<211> 37 

<212> DNA 

<213> Artificial 
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<220> 

<223> Description of Artificial Sequence: primer 
<400> 199 

gtgtctggga cagtgatttt ctcattcaag ctgcagt 37 



<210> 200 

<211> 31 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Seq[uence: primer 
<400> 200 

aggccctgtt ggtcaaatct tcccagccgt g 31 



<210> 201 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 201 

cacggctggg aagatttgac caacagggcc t 31 



<210> 202 

<211> 33 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 202 

atttcctccg gggatggctg aagctgtaca cag 33 



<210> 203 

<211> 33 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 203 

ctgtgtacag ctt cage cat ccccggagga aat 33 



<210> 204 

<211> 35 

<212> DNA 

<213> Artificial 



-129- 



wo 2004/003176 



PCT/US2003/020964 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 204 

agccgagtcc tggaggcggc cctcttggag gccaa 



<210> 205 

<211> 35 

<2X2> DMA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 205 

ttggcctcca agagggccgc ctccaggact cggct 



<210> 206 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: primer 

<400> 206 

agccgagtcc tggagagggc cctcttggag gccaa 35 



<210> 207 

<211> 35 

<212> DNA 

<213> Artificial 



<220> 

<223> Description of Artificial Sequences primer 
<400> 207 

ttggcctcca agagggccct ctccaggact cggct 35 

<210> 203 

<211> 6059 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: plasmid 
<400> 208 

ctagagtcga cccgggcggc cgcttccctt tagtgagggt taatgcttcg agcagacatg 60 
ataagataca ttgatgagtt tggacaaacc acaactagaa tgcagtgaaa aaaatgcttt 120 
atttgtgaaa tttgtgatgc tattgcttta tttgtaacca ttataagctg caataaacaa 180 
gttaacaaca acaattgcat tcattttatg tttcaggttc agggggagat gtgggaggtt 240 
ttttaaagca agtaaaacct ctacaaatgt ggtaaaatcc gataaggatc gatccgggct 300 
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ggcgtaatag cgaagaggcc cgcaccgatc gcccttccca acagttgcgc agcctgaatg 360 

gcgaatggac gcgccctgta gcggcgcatt aagcgcggcg ggtgtggtgg ttacgcgcag 420 

ccftgaccgct acacttgcca gcgccctagc gcccgctcct ttcgctttct tcccttcctt 480 

tctcgccacg ttcgccggct ttccccgtca agctctaaat cgggggctcc ctttagggtt 540 

ccgatttagt gctttacggc acctcgaccc caaaaaactt gattagggtg atggttcacg 600 

tagtgggcca tcgccctgat agacggtttt tcgccctttg acgttggagt ccacgttctt 660 

taatagtgga ctcttgttcc aaactggaac aacactcaac cctatctcgg tctattcttt 720 

tgatttataa gggattttgc cgatttcggc ctattggtta aaaaatgagc tgatttaaca 780 

aaaatttaac gcgaatttta acaaaatatt aacgcttaca atttcctgat gcggtatttt 840 

ctccttacgc atctgtgcgg tatttcacac cgcatacgcg gatctgcgca gcaccatggc 900 

ctgaaataac ctctgaaaga ggaacttggt taggtacctt ctgaggcgga aagaaccagc 960 

tgtggaatgt gtgtcagtta gggtgtggaa agtccccagg ctccccagca ggcagaagta 1020 

tgcaaagcat gcatctcaat tagtcagcaa ccaggtgtgg aaagtcccca ggctccccag 1080 

caggcagaag tatgcaaagc atgcatctca attagtcagc aaccatagtc ccgcccctaa 1140 

ctccgcccat cccgccccta actccgccca gttccgccca ttctccgccc catggctgac 1200 

taattttttt tatttatgca gaggccgagg ccgcctcggc ctctgagcta ttccagaagt 1260 

agtgaggagg cttttttgga ggcctaggct tttgcaaaaa gcttgattct tctgacacaa 1320 

cagtctcgaa cttaaggcta gagccaccat gattgaacaa gatggattgc acgcaggttc 1380 

tccggccgct tgggtggaga ggctattcgg ctatgactgg gcacaacaga caatcggctg 1440 

ctctgatgcc gccgtgttcc ggctgtcagc gcaggggcgc ccggttcttt ttgtcaagac 1500 

cgacctgtcc ggtgccctga atgaactgca ggacgaggca gcgcggctat cgtggctggc 1560 

cacgacgggc gttccttgcg cagctgtgct cgacgttgtc actgaagcgg gaagggactg 1620 

gctgctattg ggcgaagtgc cggggcagga tctcctgtca tctcaccttg ctcctgccga 1680 

gaaagtatcc atcatggctg atgcaatgcg gcggctgcat acgcttgatc cggctacctg 1740 

cccattcgac caccaagcga aacatcgcat cgagcgagca cgtactcgga tggaagccgg 1800 

tcttgtcgat caggatgatc tggacgaaga gcatcagggg ctcgcgccag ccgaactgtt 1860 

cgccaggctc aaggcgcgca tgcccgacgg cgaggatctc gtcgtgaccc atggcgatgc 1920 

ctgcttgccg aatatcatgg tggaaaatgg ccgcttttct ggattcatcg actgtggccg 1980 

gctgggtgtg gcggaccgct atcaggacat agcgttggct acccgtgata ttgctgaaga 2040 

gcttggcggc gaatgggctg accgcttcct cgtgctttac ggtatcgccg ctcccgattc 2100 
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gcagcgcatc 


gccttctatc 


gccttcttga 


cgagttcttc 


tgagcgggac 


tctggggttc 


2160 


gaaatgaccg 


accaagcgac 


gcccaacctg 


ccatcacgat 


ggccgcaata 


aaatatcttt 


2220 


attttcatta 


catctgtgtg 


ttggtttttt 


gtgtgaatcg 


atagcgataa 


ggatccgcgt 


2280 


atggtgcact 


ctcagtacaa 


tctgctctga 


tgccgcatag 


ttaagccagc 


cccgacaccc 


2340 


gccaacaccc 


gctgacgcgc 


cctgacgggc 


ttgtctgctc 


ccggcatccg 


cttacagaca 


2400 


agctgtgacc 


gtctccggga 


gctgcatgtg 


tcagaggttt 


tcaccgtcat 


caccgaaacg 


2460 


cgcgagacga 


aagggcctcg 


tgatacgcct 


atttttatag 


gttaatgtca 


tgataataat 


2520 


ggtttcttag 


acgtcaggtg 


gcacttttcg 


gggaaatgtg 


cgcggaaccc 


ctatttgttt 


2580 


atttttctaa 


atacattcaa 


atatgtatcc 


get cat gaga 


caataaccct 


gataaatgct 


2640 


tcaataatat 


tgaaaaagga 


agagtatgag 


tattcaacat 


ttccgtgtcg 


cccttattcc 


2700 


cttttttgcg 


gcattttgcc 


ttcctgtttt 


tgctcaccca 


gaaacgctgg 


tgaaagtaaa 


2760 


agatgctgaa 


gatcagttgg 


gtgcacgagt 


gggttacatc 


gaactggatc 


tcaacagcgg 


2820 


taagatcctt 


gagagttttc 


gccccgaaga 


acgttttcca 


atgatgagca 


cttttaaagt 


2880 


tctgctatgt 


ggcgcggtat 


tatcccgtat 


tgacgccggg 


caagagcaac 


tcggtcgccg 


2940 


catacactat 


tctcagaatg 


acttggttga 


gtactcacca 


gtcacagaaa 


agcatcttac 


3000 


ggatggcatg 


acagtaagag 


aattatgcag 


tgctgccata 


accatgagtg 


ataacactgc 


3060 


ggccaactta 


cttctgacaa 


cgatcggagg 


accgaaggag 


ctaaccgctt 


ttttgcacaa 


3120 


catgggggat 


catgtaactc 


gccttgatcg 


ttgggaaccg 


gagctgaatg 


aagccatacc 


3180 


aaacgacgag 


cgtgacacca 


cgatgcctgt 


agcaatggca 


acaacgttgc 


gcaaactatt 


3240 


aactggcgaa 


ctacttactc 


tagcttcccg 


gcaacaatta 


atagactgga 


tggaggcgga 


3300 


taaagttgca 


ggaccacttc 


tgcgctcggc 


ccttccggct 


ggctggttta 


ttgctgataa 


3360 


atctggagcc 


ggtgagcgtg 


ggtctcgcgg 


tatcattgca 


gcactggggc 


cagatggtaa 


3420 


gccctcccgt 


atcgtagtta 


tctacacgac 


ggggagtcag 


gcaactatgg 


atgaacgaaa 


3480 


tagacagatc 


get gaga tag 


gtgcctcact 


gattaagcat 


tggtaactgt 


cagaccaagt 


3540 


ttactcatat 


atactttaga 


ttgatttaaa 


acttcatttt 


taatttaaaa 


ggatctaggt 


3600 


gaagatcctt 


tttgataatc 


tcatgaccaa 


aatcccbtaa 


cgtgagtttt 


cgttccactg 


3660 


agcgtcagac 


cccgtagaaa 


agatcaaagg 


atcttcttga 


gatccttttt 


ttctgcgcgt 


3720 


aatctgctgc 


ttgcaaacaa 


aaaaaccacc 


gctaccagcg 


gtggtttgtt 


tgccggatca 


3780 


agagctacca 


actctttttc 


cgaaggtaac 


tggcttcagc 


agagcgcaga 


taccaaatac 


3840 


tgttcttcta 


gtgtagccgt 


agttaggcca 


ccacttcaag 


aactctgtag 


caccgcctac 


3900 


atacctcgct 


ctgctaatcc 


tgttaccagt 


ggctgctgcc 


agtggcgata 


agtcgtgtct 


3960 
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taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gctgaacggg 4020 

gggttcgtgc acacagccca gcttggagcg aacgacctac accgaactga gatacctaca 4080 

gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca ggtatccggt 4140 

aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa acgcctggta 4200 

tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt tgtgatgctc 4260 

gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gccttttfcac ggttcctggc 4320 

cttttgctgg ccttttgctc acatggctcg acagatcttc aatattggcc attagccata 4380' 

ttattcattg gttatatagc ataaatcaat attggctatt ggccattgca tacgttgtat 4440 

ctatatcata atatgtacat ttatattggc tcatgtccaa tatgaccgcc atgttggcat 4500 

tgattattga ctagttatta atagtaatca attacggggt cattagttca tagcccatat 4560 

atggagttcc gcgttacata acttacggta aatggcccgc ctggctgacc gcccaacgac 4620 

ccccgcccat tgacgtcaat aatgacgtat gttcccatag taacgccaat agggactttc 4680 

cattgacgtc aatgggtgga gtatttacgg taaactgccc acttggcagt acatcaagtg 4740 

tatcatatgc caagtccgcc ccctattgac gtcaatgacg gtaaatggcc cgcctggcat 4800 

tatgcccagt acatgacctt acgggacttt cctacttggc agtacatcta cgtattagtc 4860 

atcgctatta ccatggtgat gcggttttgg cagtacacca atgggcgtgg atagcggttt 4920 

gactcacggg gatttccaag tctccacccc attgacgtca atgggagttt gttttggcac 4980 

caaaatcaac gggactttcc aaaatgtcgt aacaactgcg atcgcccgcc ccgttgacgc 5040 

aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc 5100 

gtcagatcac tagaagcttt attgcggtag tttatcacag ttaaattgct aacgcagtca 5160 

gtgcttctga cacaacagtc tcgaacttaa gctgcagtga ctctcttaag gtagccttgc 5220 

agaagttggt cgtgaggcac tgggcaggta agtatcaagg ttacaagaca ggtttaagga 5280 

gaccaataga aactgggctt gtcgagacag agaagactct tgcgtttctg ataggcacct 5340 

attggtctta ctgacatcca ctttgccttt ctctccacag gtgtccactc ccagttcaat 5400 

tacagctctt aaggctagag tacttaatac gactcactat aggctagcct cgagcgcgga 5460 

gatgggggtg cacgaatgtc ctgcctggct gtggcttctc ctgtccctgc tgtcgctccc 5520 

tctgggcctc ccagtcctgg gcgccccacc acgcctcatc tgtgacagcc gagtcctgga 5580 

gaggtacctc ttggaggcca aggaggccga gaatatcacg acgggctgtg ctgaacactg 5640 

cagettgaat gagaatatca ctgtcccaga caccaaagtt aatttctatg cctggaagag 5700 

gatggaggtc gggcagcagg ccgtagaagt ctggcagggc ctggccctgc tgtcggaagc 5760 



-133- 



wo 2004/003176 



PCTAJS2003/020964 



tgtcctgcgg ggccaggccc tgttggtcaa ctcttcccag ccgtgggagc ccctgcagct 5820 

gcatgtggat aaagccgtca gtggccttcg cagcctcacc actctgcttc gggctctgcg 5B80 

agcccagaag gaagccatct cccctccaga tgcggcctca gctgctccac tccgaacaat 5940 

cactgctgac actttccgca aactcttccg agtctactcc aatttcctcc ggggaaagct 6000 

gaagctgtac aeaggggagg cctgcaggac aggggaccat catcaccatc accattgat 6059 

<210> 209 

<211> 6059 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: plasraid 



<400> 209 
ctagagtcga 


cccgggcggc cgcttccctt 


tagtgagggt taatgcttcg agcagacatg 


60 


ataagataca 


ttgatgagtt tggacaaacc 


acaactagaa tgcagtgaaa aaaatgcttt 


120 


atttgtgaaa 


tttgtgatgc tattgcttta 


tttgtaacca ttataagctg caataaacaa 


180 


gttaacaaca 


acaattgcat tcattttatg 


tttcaggttc agggggagat gtgggaggtt 


240 


ttttaaagca 


agtaaaacct ctacaaatgt 


ggtaaaatcc gataaggatc gatccgggct 


300 


ggcgtaatag 


cgaagaggcc cgcaccgatc 


gcccttccca acagttgcgc agcctgaatg 


360 


gcgaatggac 


gcgccctgta gcggcgcatt 


aagcgcggcg ggtgtggtgg ttacgcgcag 


420 


cgtgaccgct 


acacttgcca gcgccctagc 


gcccgctcct ttcgctttct tcccttcctt 


480 


tctcgccacg 


ttcgccggct ttccccgtca 


agctctaaat cgggggctcc ctttagggtt 


540 


ccgatttagt 


gctttacggc acctcgaccc 


caaaaaactt gattagggtg atggttcacg 


600 


tagtgggcca 


tcgccctgat agacggtttt tcgccctttg acgttggagt ccacgttctt 


660 


taatagtgga 


ctcttgttcc aaactggaac 


aacactcaac cctatctcgg tctattcttt 


720 


tgatttataa 


gggattttgc cgatttcggc 


ctattggtta aaaaatgagc tgatttaaca 


780 


aaaatttaac 


gcgaatttta acaaaatatt 


aacgcttaca atttcctgat gcggtatttt 


840 


ctccttacgc 


atctgtgcgg tatttcacac cgcatacgcg gatctgcgca gcaccatggc 


900 


ctgaaataac 


ctctgaaaga ggaacttggt 


taggtacctt ctgaggcgga aagaaccagc 


960 


tgtggaatgt 


gtgtcagtta gggtgtggaa agtccccagg ctccccagca ggcagaagta 


1020 


tgcaaagcat 


gcatctcaat tagtcagcaa ccaggtgtgg aaagtcccca ggctccccag 


1060 


caggcagaag 


tatgcaaagc atgcatctca attagtcagc aaccatagtc ccgcccctaa 


1140 


ctccgcccat 


cccgccccta actccgccca gttccgccca ttctccgccc catggctgac 


1200 


taattttttt 


tatttatgca gaggccgagg 


ccgcctcggc ctctgagcta ttccagaagt 


1260 
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agtgaggagg cttttttgga ggcctaggct tttgcaaaaa gcttgattct tctgacacaa 1320 

cagtctcgaa cttaaggcta gagccaccat gattgaacaa gatggattgc acgcaggttc 1380 

tccggccgct tgggtggaga ggctattcgg ctatgactgg gcacaacaga caatcggctg 1440 

ctctgatgcG gccgtgttcc ggctgtcagc gcaggggcgc ccggttcttt ttgtcaagac 1500 

cgacctgtcc ggtgccctga atgaactgca ggacgaggca gcgcggctat cgtggctggc 1560 

cacgacgggc gttccttgcg cagctgtgct cgacgttgtc actgaagcgg gaagggactg 1620 

gctgctattg ggcgaagtgc cggggcagga tctcctgtca tctcaccttg ctcctgccga 1680 

gaaagtatcc atcatggctg atgcaatgcg gcggctgcat acgcttgatc cggctacctg 1740 

cccattcgac caccaagcga aacatcgcat cgagcgagca cgtactcgga tggaagccgg 1800 

tcttgtcgat caggatgatc tggacgaaga gcatcagggg ctcgcgccag ccgaactgtt 1860 

cgccaggctc aaggcgcgca tgcccgacgg cgaggatctc gtcgtgaccc atggcgatgc 1920 

ctgcttgccg aatatcatgg tggaaaatgg ccgcttttct ggattcatcg actgtggccg 1980 

gctgggtgtg gcggaccgct atcaggacat agcgttggct acccgtgata ttgctgaaga 2040 

gcttggcggc gaatgggctg accgcttcct cgtgctttac ggtatcgccg ctcccgattc 2100 

gcagcgcatc gccttctatc gccttcttga cgagttcttc tgagcgggac tctggggttc 2160 

gaaatgaccg accaagcgac gcccaacctg ccatcacgat ggccgcaata aaatatcttt 2220 

attttcatta catctgtgtg ttggtttttt gtgtgaatcg atagcgataa ggatccgcgt 22 80 

atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagc cccgacaccc 2340 

gccaacaccc gctgacgcgc cctgacgggc ttgtctgctc ccggcatccg cttacagaca 2400 

agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat caccgaaacg 2460 

cgcgagacga aagggcctcg tgatacgcct atttttatag gttaatgtca tgataataat 2520 

ggtttcttag acgtcaggtg gcacttttog gggaaatgtg cgcggaaccc ctatttgttt 2580 

atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct gataaatgct 2640 

tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg cccttattcc 2700 

cttttttgcg gcattttgcc ttcctgtttt tgctcaccca gaaacgctgg tgaaagtaaa 2760 

agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc tcaacagcgg 2820 

taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca cttttaaagt 2880 

tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac tcggtcgccg 2940 

catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa agcatcttac 3000 

ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg ataacactgc 3060 
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ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgctt ttttgcacaa 3120 

catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg aagccatacc 3X80 

aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgc gcaaactatt 3240 

aactggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga tggaggcgga 3300 

taaagttgca ggaccacttc tgcgctcggc ccttccggct ggctggttta ttgctgataa 3360 

atctggagcc ggtgagcgtg ggtctcgcgg tatcattgca gcactggggc cagatggtaa 3420 

gccctcccgt atcgtagtta tctacacgac ggggagtcag gcaactatgg atgaacgaaa 3480 

tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt cagaccaagt 3540 

ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa ggatctaggt 3600 

gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg 3 660 

agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt ttctgcgcgt 3 720 

aatctgctgc ttgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca 3780 

agagctacca actctttttc cgaaggtaac tggcttcagc agagcgcaga taccaaatac 3840 

tgttcttcta gtgtagccgt agttaggcca ccacttcaag aactctgtag caccgcctac 3900 

atacctcgct ctgctaatcc tgttaccagt ggctgctgcc agtggcgata agtcgtgtct 3960 

taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gctgaacggg 4020 

gggttcgtgc acacagccca gcttggagcg aacgacctac accgaactga gatacctaca 4080 

gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca ggtatccggt 4140 

aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa acgcctggta 4200 

tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt tgtgatgctc 4260 

gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcctttttac ggttcctggc 4320 

cttttgctgg ccttttgctc acatggctcg acagatcttc aatattggcc attagccata 4380 

ttattcattg gttatatagc ataaatcaat attggctatt ggccattgca tacgttgtat 4440 

ctatatcata atatgtacat ttatattggc tcatgtccaa tatgaccgcc atgttggcat 4500 

tgattattga ctagttatta atagtaatca attacggggt cattagttca tagcccatat 4560 

atggagttcc gcgttacata acttacggta aatggcccgc ctggctgacc gcccaacgac 4620 

ccccgcccat tgacgtcaat aatgacgtat gttcccatag taacgccaat agggactttc 4680 

cattgacgtc aatgggtgga gtatttacgg taaactgccc acttggcagt acatcaagtg 4740 

tatcatatgc caagtccgcc ccctattgac gtcaatgacg gtaaatggcc cgcctggcat 4800 

tatgcccagt acatgacctt acgggacttt cctacttggc agtacatcta cgtattagtc 4860 

atcgctatta ccatggtgat gcggttttgg cagtacacca atgggcgtgg atagcggttt 4920 
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gactcacggg 


gatttccaag 


tctccacccc 


attgacgtca 


atgggagttt 


gttttggcac 


4980 


caaaatcaac 


gggactttcc 


aaaatgtcgt 


aacaactgcg 


atcgcccgcc 


ccgttgacgc 


5040 


aaatgggcgg 


taggcgtgta 


cggtgggagg 


tctatataag 


cagagctcgt 


ttagtgaacc 


5100 


gtcagatcac 


tagaagcttt 


attgcggtag 


tttatcacag 


ttaaattgct 


aacgcagtca 


5160 


gtgcttctga 


cacaacagtc 


tcgaacttaa 


gctgcagtga 


ctctcttaag 


gtagccttgc 


5220 


agaagttggt 


cgtgaggcac 


tgggcaggta 


agtatcaagg 


ttacaagaca 


ggtttaagga 


5280 


gaccaataga 


aactgggctt 


gtcgagacag 


agaagactct 


tgcgtttctg 


ataggcacct 


5340 


attggtctta 


ctgacatcca 


ctttgccttt 


ctctccacag 


gtgtccactc 


ccagttcaat 


5400 


bacagctctt 


aaggctagag 


tacttaatac 


gactcactat 


aggctagcct 


cgagcgcgga 


5460 


gatgggggtg 


cacgaatgtc 


ctgcctggct 


gtggcttctc 


ctgtccctgc 


tgtcgctccc 


5520 


tctgggcctc 


ccagtcctgg 


gcgccccacc 


acgcctcatc 


tgtgacagcc 


gagtcctgga 


5580 


gaggtacctc 


ttggaggcca 


aggaggccga 


gaatatcacg 


acgggctgta 


atgaaacctg 


5640 


cagcttgaat 


gagaatatca 


ctgtcccaga 


caccaaagtt 


aatttctatg 


cctggaagag 


5700 


gatggaggtc 


gggcagcagg 


ccgtagaagt 


ctggcagggc 


ctggccctgc 


tgtcggaagc 


5760 
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gcatgtggat 


aaagccgtca 


gtggccttcg 


cagcctcacc 


actctgcttc 


gggctctgcg 


5880 


agcccagaag 


gaagccatct 


cccctccaga 


tgcggcctca 


gctgctccac 


tccgaacaat 


5940 


cactgctgac 


actttccgca 


aactcttccg 


agtctactcc 


aatttcctcc 


ggggaaagct 


6000 


gaagctgtac 


acaggggagg 


cctgcaggac 


aggsrgaccat 


catcaccatc 


accattgat 


6059 


<210> 210 
<211> 6059 
<212> DNA 
<213> Artificial 












<220> 

<223> Description of 


Artificial 


Sequence: plasmid 






<40Q> 210 

ctagagtcga cccgggcggc 


cgcttccctt 


tagtgagggt taatgcttcg 


agcagacatg 


60 


ataagataca ttgatgagtt 


tggacaaacc 


acaactagaa 


tgcagtgaaa 


aaaatgcttt 


120 


atttgtgaaa tttgtgatgc 


tattgcttta 


tttgtaacca 


ttataagctg 


caataaacaa 


180 


gttaacaaca 


acaattgcat 


tca.ttttatg 


tttcaggttc 


agggggagat 


gtgggaggtt 


240 


ttttaaagca agtaaaacct 


ctacaaatgt 


ggtaaaatcc 


gataaggatc 


gatccgggct 


3O0 


ggcgtaatag cgaagaggcc 


cgcaccgatc 


gcccttccca acagttgcgc 


agcctgaatg 


360 
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gcgaatggac 


gcgccctgta 


gcggcgcatt 


aagcgcggcg 


ggtgtggtgg ttacgcgcag 


420 


cgtgaccgct 


acacttgcca 


gcgccctagc 


gcccgctcct 


ttcgctttct tcccttcctt 


480 


tctcgccacg 


ttcgccggct 


ttccccgtca 


agctctaaat 


cgggggctcc ctttagggtt 


540 


ccgatttagt 


gctttacggc 


acctcgaccc 


caaaaaactt 


gattagggtg atggttcacg 


600 


tagtgggcca 


tcgccctgat 


agacggtttt 


tcgccctttg 


acgttggagt ccacgttctt 


660 


taatagtgga 


ctcttgttcc 


aaactggaac 


aacactcaac 


cctatctcgg tctattcttt 


720 


tgatttataa 


gggattttgc 


cgatttcggc 


ctattggtta 


aaaaatgagc tgatttaaca 


780 


aaaatttaac 


gcgaatttta 


acaaaatatt 


aacgcttaca 


atttcctgat gcggtatttt 


840 


ctccttacgc 


atctgtgcgg 


tatttcacac 


cgcatacgcg 


gatctgcgca gcaccatggc 


900 


ctgaaataac 


ctctgaaaga 


ggaacttggt 


taggtacctt 


ctgaggcgga aagaaccagc 


960 


tgtggaatgt 


gtgtcagtta 


gggtgtggaa 


agtccccagg 


ctccccagca ggcagaagta 


1020 


tgcaaagcat 


gcatctcaat 


tagtcagcaa 


ccaggtgtgg 


aaagtcccca ggctccccag 


1080 


caggcagaag 


tatgcaaagc 


atgcatctca 


attagtcagc 


aaccatagtc ccgcccctaa 


1140 


ctccgcccat 


cccgccccta 


actccgccca 


gttccgccca 


ttctccgccc catggctgac 


1200 


taattttttt 


tatttatgca 


gaggccgagg 


ccgcctcggc 


etc t gage t a ttccagaagt 


1260 


agtgaggagg 


cttttttgga 


ggcctaggct 


tttgcaaaaa 


gcttgattct tctgacacaa 


1320 


cagtctcgaa 


cttaaggcta 


gagccaccat 


gattgaacaa 


gatggattgc acgcaggttc 


1380 


tccggccgct 


tgggtggaga 


ggctattcgg 


ctatgactgg 


gcacaacaga caatcggctg 


1440 


ctctgatgcc 


gccgtgttcc 


ggctgtcagc 


gcaggggcgc 


ccggttcttt ttgtcaagac 


1500 


cgacctgtcc 


ggtgccctga 


atgaactgca 


ggacgaggca 


gcgcggctat cgtggctggc 


1560 


cacgacgggc 


gttccttgcg 


cagctgtgct 


cgacgttgtc 


actgaagcgg gaagggactg 


1620 


gctgctattg 


ggcgaagtgc 


cggggcagga 


tctcctgtca 


tctcaccttg ctcctgccga 


1680 


gaaagtatcc 


atcatggctg 


atgcaatgcg 


gcggctgcat 


acgcttgatc cggctacctg 


1740 


cccattcgac 


caccaagcga 


aacatcgcat 


cgagcgagca 


cgtactcgga tggaagccgg 


1800 


tcttgtcgat 


caggatgatc 


tggacgaaga 


gcatcagggg 


ctcgcgccag ccgaactgtt 


1860 


cgccaggctc 


aaggcgcgca 


tgcccgacgg 


cgaggatctc 


gtcgtgaccc atggcgatgc 


1920 


ctgctbgccg 


aatatcatgg 


tggaaaabgg 




ggattcatcg actgtzggccg 




gctgggtgtg 


gcggaccgct 


atcaggacat 


agcgttggct 


acccgtgata ttgctgaaga 


2040 


gcttggcggc 


gaatgggctg 


accgcttcct 


cgtgctttac 


ggtatcgccg ctcccgattc 


2100 


gcagcgcatc 


gccttctatc 


gccttcttga 


cgagttcttc 


tgagcgggac tctggggttc 


2160 


gaaatgaccg 


accaagcgac 


gcccaacctg 


ccatcacgat 


ggccgcaata aaatatcttt 


2220 
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attttcatta catctgtgtg ttggtttttt gtgtgaatcg atagcgataa ggatccgcgt 2280 

atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagc cccgacaccc 2340 

gccaacaccc gctgacgcgc cctgacgggc ttgtctgctc ccggcatccg cttacagaca 2400 

agctgtgacc gtctccggga gctgeatgtg tcagaggttt tcaccgtcat caccgaaacg 2460 

cgcgagacga aagggcctcg tgatacgcct atttttatag gttaatgtca tgataataat 2520 

ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccc ctatttgttt 2580 

atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct gataaatgct 2640 

tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg cccttattcc 2700 

cttttttgcg gcattttgcc ttcctgtttt tgctcaccca gaaacgctgg tgaaagtaaa 2760 

agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc tcaacagcgg 2820 

taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca cttttaaagt 2880 

tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac tcggtcgccg 2940 

catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa agcatcttac 3000 

ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg ataacactgc 30S0 

ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgctt ttttgcacaa 3120 

catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg aagccatacc 3180 

aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgc gcaaactatt 3240 

aactggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga tggaggcgga 33 00 

taaagttgca ggaccacttc tgcgctcggc ccttccggct ggctggttta ttgctgataa 3360 

atctggagcc ggtgagcgtg ggtctcgcgg tatcattgca gcactggggc cagatggtaa 3420 

gccctcccgt atcgtagtta tctacacgac ggggagtcag gcaactatgg atgaacgaaa 3480 

tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt cagaccaagt 3540 

ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa ggatctaggt 3600 

gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg 3660 

agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt ttctgcgcgt 3720 

aatctgctgc ttgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca 3780 

agagctacca actctttttc cgaaggtaac tggcttcagc agagcgcaga taccaaatac 3 840 

tgttcttcta gtgtagccgt agttaggcca ccacttcaag aactctgtag caccgcctac 3 900 

atacctcgct ctgctaatcc tgttaccagt ggctgctgcc agtggcgata agtcgtgtct 3960 

taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gctgaacggg 4020 
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gggttcgtgc acacagccca gcttggagcg aacgacctac accgaactga gatacctaca 4080 

gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca ggtatccggt 4140 

aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa acgcctggta 4200 

tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt tgtgatgctc 4260 

gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcctttttac ggttcctggc 4320 

cttttgctgg ccttttgctc acatggctcg acagatcttc aatattggcc attagccata 4380 

ttattcattg gttatatagc ataaatcaat attggctatt ggccattgca tacgttgtat 4440 

ctatatcata atatgtacat ttatattggc tcatgtccaa tatgaccgcc atgttggcat 4500 

tgattattga ctagttatta atagtaatca attacggggt cattagttca tagcccatat 4560 

afcggagttcc gcgttacata acttacggta aatggcccgc ctggctgacc gcccaacgac - 4620 

ccccgcccat tgacgtcaat aatgacgtat gttcccatag taacgccaat agggactttc 4680 

cattgacgtc aatgggtgga gtatttacgg taaactgccc acttggcagt acatcaagtg 4740 

tatcatatgc caagtccgcc ccctattgac gtcaatgacg gtaaatggcc cgcctggcat 4800 

tatgcccagt acatgacctt acgggacttt cctacttggc agtacatcta cgtattagtc 4860 

atcgctatta ccatggtgat gcggttttgg cagtacacca atgggcgtgg atagcggttt 4920 

gactcacggg gatttccaag tctccacccc attgacgtca atgggagttt gttttggcac 4980 

caaaatcaac gggactttcc aaaatgtcgt aacaactgcg atcgcccgcc ccgttgacgc 5040 

aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc SlOO 
gtcagatcac tagaagcttt attgcggtag tttatcacag ttaaattgct aacgcagtca 5160 
gtgcttctga cacaacagtc tcgaacttaa gctgcagtga ctctcttaag gtagccttgc 5220 
agaagttggt cgtgaggcac tgggcaggta agtatcaagg ttacaagaca ggtttaagga 5280 
gaccaataga aactgggctt gtcgagacag agaagactct tgcgtttctg ataggcacct 5340 
attggtctta ctgacatcca ctttgccttt ctctccacag gtgtccactc ccagttcaat 5400 
tacagctctt aaggctagag tacttaatac gactcactat aggctagcct cgagcgcgga 5460 
gatgggggtg cacgaatgtc ctgcctggct gtggcttctc ctgtccctgc tgtcgctccc 552 0 
tctgggcctc ccagtcctgg gcgccccacc acgcctcatc tgtgacagcc gagtcctgga 5580 
gaggtacctc ttggaggcca aggaggccga gaatatcacg acgggctgtg ctgaacactg 5640 
cagcttgaat gagaatatca ctgtcccaga caccgacgtt aatttctatg cctggaagag 5700 
gatggaggtc gggcagcagg ccgtagaagt ctggcagggc ctggccctgc tgtcggaagc 5760 
tgtcctgcgg ggccaggccc tgttggtcaa ctcttcccag ccgtgggagc ccctgcagct 5820 
gcatgtggat aaagccgtca gtggccttcg cagcctcacc actctgcttc gggctctgcg 5880 
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agcccagaag gaagccatct cccctccaga tgcggcctca gctgctccac tccgaacaat 5940 
cactgctgac actttccgca aactcttccg agtctactcc aatttcctcc gggg a aagct 6000 
gaagctgtac acaggggagg cctgcaggac aggggaccat catcaccatc accattgat 6059 

<210> 211 

<211> 6059 

<212> DMA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: plasmid 

<400> 211 



Vtf \^ ^3 ^ ^ 43 ^ 


c caaaaccac 
^ '-•y y y y y ^ 


ccrcfctccet't. 

^ ^ ^ ^ 1^ L« 




taatcrcfctccj acrcaoracata 


60 


1" A a d^i t* a r< a 


L> i^y w I- y tty u 


t»y y Aw AAAV* Vi» 


ar*»a;9 r^f" acta a 

AW A Aw W Ay A A 


tacacrfccraaa aaaatcrcttfc 

l.>y W Ay la>y A Am CLC*AAV«y W ^ Lrf 


120 


at!. 't t criicra a a 


tttcrtciatcrc 


tattcrctitta 


titi'tcrtiaacca 

w w vy wcfcG^w WGi 


htataacrcto caataaacaa 


180 


crttaacaaca 


acaattcTcat 


ti c attt a t CI 


tittcaocrttc 

WW WWGIl>3y w WW 


acicrcrcrcracrat crticrciaacrcrtt 


240 


^ tttaaaar^a 

w U> LaCLCLCL^ CL 


arft* aa aaee t 


etacaaafeot 


cicrta aaat cc 

^4y wci-cmoLwww 


aataaaaatc cratccaCTCfGt 

W|CL WCLCLy %4GL WW ^ CL WV*Wy*H^ W W 


300 


^ y y u cia civj 


y ct Ay ay y v« 


wy wAwwyAww 


ywwOk«L>wwwA 


Abi* Ay i« wy wy w AywwwyAAL^y 


360 




y ^y www uy ua 


y wyy wy wAi* u 


A Ay ^y wy y wy 


yyi*ywyyt«yy uk*AwywywAy 


420 


r« eri" era r» n er r« 


owaw I* i^y WW A 


y wy www i>Ay w 


y wwwy w uw w c 


wiwWyw^^ww^ ivWwwwwwwuw 


480 




L> i« wy wLi>yy w u 


wwww wy l,>W A 


aor* t* a a a ^ 

Ay W itf AA A 


wyyyyywi^ww wi^i^i^Ayyy i«w 


540 


ccgatttagt 


gctttacggc 


acctcgaccc 


caaaaaactt 


gattagggtg atggttcacg 


600 


tagtgggcca 


tcgccctgat 


agacggtttt 


tcgccctttg 


acgttggagt ccacgttctt 


660 


taatagtgga 


ctcttgttcc 


aaactggaac 


aacactcaac 


cctatctcgg tctattcttt 


720 


tgatttataa 


gggattttgc 


cgatttcggc 


ctattggtta 


aaaaatgagc tgatttaaca 


780 


aaaatttaac 


gcgaatttta 


acaaaatatt 


aacgcttaca 


atttcctgat gcggtatttt 


840 


ctccttacgc 


atctgtgcgg 


tatttcacac 


cgcatacgcg 


gatctgcgca gcaccatggc 


900 


ctgaaataac 


ctctgaaaga 


ggaacttggt 


taggtacctt 


ctgaggcgga aagaaccagc 


960 


tgtggaatgt 


gtgtcagtta 


gggtgtggaa 


agtccccagg 


ctccccagca ggcagaagta 


1020 


tgcaaagcat 


gcatctcaat 


tagtcagcaa 


ccaggtgtgg 


aaagtcccca ggctccccag 


1080 


caggcagaag 


tatgcaaagc 


atgcatctca 


attagtcagc 


aaccatagtc ccgcccctaa 


1140 


ctccgcccat 


Gccgccccta 


actccgccca 


gttccgccca 


ttctccgccc catggctgac 


1200 


taattttttt 


tatttatgca 


gaggccgagg 


ccgcctcggc 


ctctgagcta ttccagaagt. 


1260 


agtgaggagg 


cttttttgga 


ggcctaggct 


tttgcaaaaa 


gcttgattct tctgacacaa 


1320 
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cagtctCQaa 


cttaaggcta gagccaccat 


gattgaacaa gatggattgc acgcaggttc 


1380 


t c C9C t 


tgggtggaga ggctattcgg 


ctatgactgg gcacaacaga caatcggctg 


1440 


ctctgatcfcc 


Qccgtgttcc ggctgtcagc 


gcaggggcgc 


ccggttcttt ttgtcaagac 


1500 


C9acct9[t:cG 


ggtgccctga atgaactgca 


ggacgaggca gcgcggctat cgtggctggc 


1560 


caccraccfcrcic 


gttccttgcg cagctgtgct 


cgacgttgtc 


actgaagcgg gaagggactg 


1620 


9cti9ctattGf 


ggcgaagtQC cgoggcaQga 


tctcctgtca tctcaccttg ctcctgccga 


1680 


9aaa0ta1:cc 


atcatggctg atgcaatgcg 


gcggctgcat 


acgcttgatc cggctacctg 


1740 


cccattc9ac 


caccaagcga aacatcgcat 


cgagcgagca 


cgtactcgga tggaagccgg 


1800 


tctt9tc9at 


caggatgatc tggacgaaga 


gcatcagggg ctcgcgccag ccgaactgtt 


1860 




aaaaccrcoca tcrcccciacoa 


cgaggatctc 


gtcgtgaccc atggcgatgc 


1920 


c ii ac ii t ac ca 


aatiatcat:gg tggaaaatgg 


ccgcttttct 


ggattcatcg actgtggccg 


1980 




gcggaccgct atcaggacat 


agcgttggct 


acccgtgata ttgcbgaaga 


2040 




gaatgggctg accgcttcct 


cgtgctttac 


ggtatcgccg ctcccgattc 


2100 


9ca9C9catc 


gccttctatc gccttcttga 


cgagttcttc 


tgagcgggac tctggggttc 


2160 


craaabcracccr 


accaagcgac gcccaacctg 


ccatcacgat 


ggccgcaata aaatatcttt 


2220 


atttbcatita 


catctgtgtg ttggtttttt 


gtgtgaatcg 


atagcgataa ggatccgcgt 


2280 


ab99t9cact 


ctcagtacaa tct:gctct:ga 


tgccgcaizag 


ttaagccagc cccgacaccc 


2340 


^ ^ w CLA wCfc^ V.i> V" 


acfcaacacac cctaacaaac 


ttgtctgctc 


ccggcatccg cttacagaca 


2400 


acrct!:ok0acc 


atctcccrcfcra QCtQcatcrtg 


tcagaggttt 


tcaccgtcat caccgaaacg 


2460 


cacaaoraccra 


aagggcctcg tgatacgcct 


atttttatag gttaatgtca tgataataat 


2520 


ggtttcttag 


acgtcaggtg gcacttttcg 


gggaaatgtg 


cgcggaaccc ctatttgttt 


2580 


atst't'ttctaa 


atacattcaa atatgtatcc 


gctcatgaga 


caataaccct gataaatgct 


2640 


tcaat.aatati 


t:gaaaaagga agagtatgag 


tattcaacat 


ttccgtgtcg cccttattcc 


2700 


cttthttaca 


gcatttt^gcc ttcctgtttt 


tgctcaccca gaaacgctgg tgaaagtaaa 


2760 


agatgctgaa 


aatcaqttQQ gtgcacgagt 


gggttacatc 


gaactiggatc tcaacagcgg 


2820 


taaaatcctt 

V»CtW'jCfc www \0 W 


gagagttt'tc gccccgaaga 


acgttttcca 


atgatgagca cttttaaagt 


2880 


tctgctatgt 


ggcgcggtat tatcccgtat 


tgacgccggg 


caagagcaac tcggtcgccg 


2940 


catacactat 


tctcagaatg acttggttga 


gtactcacca 


gt.cacagaaa agcatcttac 


3000 


ggatggcatg 


acagtaagag aattatgcag 


tgctgccata 


accatgagtg ataacactgc 


3060 


ggccaactta 


cttctgacaa cgatcggagg 


accgaaggag 


ctaaccgctt ttttgcacaa 


3120 


catgggggat 


catgtaactc gccttgatcg 


ttgggaaccg gagctgaatg aagccatacc 


3180 
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aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgc gcaaactatt 3240 

aactggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga tggaggcgga 3300 

taaagttgca ggaccacttc tgcgctcggc ccttccggct ggctggttta ttgctgataa 3360 

atctggagcc ggtgagcgtg ggtctcgcgg tatcattgca gcactggggc cagatggtaa 3420 

gccctcccgt atcgtagtta tctacacgac ggggagtcag gcaactatgg atgaacgaaa 3480 

tagacagatc gcfcgagatag gtgcctcact gattaagcat tggtaactgt cagaccaagt 3540 

ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa ggatctaggt 3600 

gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg 3660 

agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt ttctgcgcgt 3720 

aatctgctgc ttgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca 3780 

agagctacca actctttttc cgaaggtaac tggcttcagc agagcgcaga taccaaatac 3840 

tgttcttcta gtgtagccgt agttaggcca ccacttcaag aactctgtag caccgcctac 3900 

atacctcgct ctgctaatcc tgttaccagt ggctgctgcc agtggcgata agtcgtgtct 3960 

taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gctgaacggg 4020 

gggttcgtgc acacagccca gcttggagcg aacgacctac accgaactga gatacctaca 4080 

gcgtgagcta tgagaaagcg ccacgcttec cgaagggaga aaggcggaca ggtatccggt 4140 

aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa acgcctggta 4200 

tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt tgtgatgctc 4260 

gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcctttttac ggttcctggc 4320 

cttttgctgg ccttttgctc acatggctcg acagatcttc aatattggcc attagccata 4380 

ttattcattg gttatatagc ataaatcaat attggctatt ggccattgca tacgttgtat 4440 

ctatatcata atatgtacat ttatattggc tcatgtccaa tatgaccgcc atgttggcat 4500 

tgattattga ctagttatta atagtaatca attacggggt cattagttca tagcccatat 4560 

atggagttcc gcgttacata acttacggta aatggcccgc ctggctgacc gcccaacgac 4620 

ccccgcccat tgacgtcaat aatgacgtat gttcccatag taacgccaat agggactttc 4680 

cattgacgtc aatgggtgga gtatttacgg taaactgccc acttggcagt acatcaagtg 4740 

tatcatatgc caagtccgcc ccctattgac gtcaatgacg gtaaatggcc cgcctggcat 4800 

tatgcccagt acatgacctt acgggacttt cctacttggc agtacatcta cgtattagtc 4860 

atcgctatta ccatggtgat gcggttttgg cagtacacca atgggcgtgg atagcggttt 4920 

gactcacggg gatttccaag tctccacccc attgacgtca atgggagttt gttttggcac 4980 
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caaaatcaac gggactttcc aaaatgtcgt aacaactgcg atcgcccgcc ccgttgacgc 5040 

aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc 5100 

gtcagatcac tagaagcttt attgcggtag tttatcacag ttaaattgct aacgcagtca 5160 

gtgcttctga cacaacagtc tcgaacttaa gctgcagtga ctctcttaag gtagccttgc 5220 

agaagttggt cgtgaggcac tgggcaggta agtatcaagg ttacaagaca ggtttaagga 5280 

gaccaataga aactgggctt gtcgagacag agaagactct tgcgtttctg ataggcacct 5340 

attggtctta ctgacatcca ctttgccttt ctctccacag gtgtccactc ccagttcaat 5400 

tacagctctt aaggctagag tacttaatac gactcactat aggctagcct cgagcgcgga 5460 

gatgggggtg cacgaatgtc ctgcctggct gtggcttctc ctgtccctgc tgtcgctccc 5520 

tctgggcctc ccagtcctgg gcgccccacc acgcctcatc tgtgacagcc gagtcctgga 5580 

gaggtacctc ttggaggcca aggaggccga gaatatcacg acgggctgtg ctgaacactg 5640 

cagcttgaat gagaatatca ctgtcccaga caccaaagtt aatttctatg cctggaagag 5700 

gatggaggtc gggcagcagg ccgtagaagt ctggcagggc ctggccctgc tgtcggaagc 5760 

tgtcctgcgg ggccaggccc tgttggtcaa ctcttcccag ccgtgggagc ccctgcagct 5820 

gcatgtggat aaagccgtcg agggccttcg cagcctcacc actctgcttc gggctctgcg 5880 

agcccagaag gaagccatct cccctccaga tgcggcctca gctgctccac tccgaacaat 5940 

cactgctgac actttccgca aactcttccg agtctactcc aatttcctcc ggggaaagct 6000 

gaagctgtac acaggggagg cctgcaggac aggggaccat catcaccatc accattgat 6059 

<2X0> 212 
<211> 6059 
<212> DNA 
<213> Artificial 

<220> 

<223> Description o£ Artificial Sec[uence: plasmid 
<400> 212 

ctagagtcga cccgggcggc cgcttccctt tagtgagggt taatgcttcg agcagacatg 60 

ataagataca ttgatgagtt tggacaaacc acaactagaa tgcagtgaaa aaaatgcttt 120 

atttgtgaaa tttgtgatgc tattgcttta tttgtaacca ttataagctg caataaacaa 180 

gttaacaaca acaattgcat tcattttatg tttcaggttc agggggagat gtgggaggtt 240 

ttttaaagca agtaaaacct ctacaaatgt ggtaaaatcc gataaggatc gatccgggct 300 

ggcgtaatag cgaagaggcc cgcaccgatc gcccttccca acagttgcgc agcctgaatg 360 

gcgaatggac gcgccctgta gcggcgcatt aagcgcggcg ggtgtggtgg ttacgcgcag 420 

cgtgaccgct acacttgcca gcgccctagc gcccgctcct ttcgctttct tcccttcctt 480 
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tctcgccacg ttcgccggct ttccccgtca agctctaaat cgggggctcc ctttagggtt 540 

ccgatttagt gctttacggc acctcgaccc caaaaaactt gattagggtg atggttcacg 600 

tagtgggcca tcgccctgat agacggtttt tcgccctttg acgttggagt ccacgttctt 660 

taatagtgga ctcttgttcc aaactggaac aacactcaac cctatctcgg tctattcttt 720 

tgatttataa gggattttgc cgatttcggc ctattggtta aaaaatgagc tgatttaaca 780 

aaaatttaac gcgaatttta acaaaatatt aacgcttaca atttcctgat gcggtatttt 840 

ctccttacgc atctgtgcgg tatttcacac cgcatacgcg gatctgcgca gcaccatggc 900 

ctgaaataac ctctgaaaga ggaacttggt taggtacctt ctgaggcgga aagaaccagc 960 

tgtggaatgt gtgtcagtta gggtgtggaa agtccccagg ctccccagca ggcagaagta 1020 

tgcaaagcat gcatctcaat tagtcagcaa ccaggtgtgg aaagtcccca ggctccccag 1080 

caggcagaag tatgcaaagc atgcatctca attagtcagc aaccatagtc ccgcccctaa 1140 

ctccgcccat cccgccccta actccgccca gttccgccca ttctccgccc catggctgac 1200 

taattttttt tatttatgca gaggccgagg ccgcctcggc ctctgagcta ttccagaagt 1260 

agtgaggagg cttttttgga ggcctaggcfc tttgcaaaaa gcttgattct tctgacacaa 1320 

cagtctcgaa cttaaggcta gagccaccat gattgaacaa gatggattgc acgcaggttc 1380 

tccggccgct tgggtggaga ggctattcgg ctatgactgg gcacaacaga caatcggctg 1440 

ctctgatgcc gccgtgttcc ggctgtcagc gcaggggcgc ccggttcttt ttgtcaagac 1500 

cgacctgtcc ggtgccctga atgaactgca ggacgaggca gcgcggctat cgtggctggc 1560 

cacgacgggc gttccttgcg cagctgtgct cgacgttgtc actgaagcgg gaagggactg 1620 

gctgctattg ggcgaagtgc cggggcagga tctcctgtca tctcaccttg ctcctgccga 1680 

gaaagtatcc atcatggctg atgcaatgcg gcggctgcat acgcttgatc cggctacctg 1740 

cccattcgac caccaagcga aacatcgcat cgagcgagca cgtactcgga tggaagccgg 1800 

tcttgtcgat caggatgatc tggacgaaga gcatcagggg ctcgcgccag ccgaactgtt 1860 

cgccaggctc aaggcgcgca tgcccgacgg cgaggatctc gtcgtgaccc atggcgatgc 1920 

ctgcttgccg aatatcatgg tggaaaatgg ccgcttttct ggattcatcg actgtggccg 1980 

gctgggtgtg gcggaccgct atcaggacat agcgttggct acccgtgata ttgctgaaga 2040 

gcttggcggc gaatgggctg accgcttcct cgtgctttac ggtatcgccg ctcccgattc 2100 

gcagcgcatc gccttctatc gccttcttga cgagttcttc tgagcgggac tctggggttc 2160 

gaaatgaccg accaagcgac gcccaacctg ccatcacgat ggccgcaata aaatatcttt 2220 

attttcatta catctgtgtg ttggtttttt gtgtgaatcg atagcgataa ggatccgcgt 2280 
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3060 
3120 
3180 



atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagc cccgacaccc 2340 

gccaacaccc gctgacgcgc cctgacgggc ttgtctgctc ccggcatccg cttacagaca 2400 

agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat caccgaaacg 2460 

cgcgagacga aagggcctcg tgatacgcct atttttatag gttaatgtca tgataataat 25ab 

ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccc ctatttgttt 2580 

atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct gataaatgct 2640 

tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg ccctftattcc 2700 

cttttttgcg gcattttgcc ttcctgtttt tgctcaccca gaaacgctgg "tgaaagtaaa 2760 

agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactg^atc tcaacagcgg 2820 

taagatcctt gagagttttc gccccgaaga acgttttcca at^gatgagca cttttaaagt 2880 

tctgctatgt ggcgcggtat tatcccgtat tgacgccg^cj' caagagcaac tcggtcgccg 2940 

catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa agcatcttac 3000 
ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg ataacactgc 
ggccaactta cttctgacaa cgatcggag^ accgaaggag ctaaccgctt ttttgcacaa 
catgggggat catgtaactc gccttg^cg ttgggaaccg gagctgaatg aagccatacc 

aaacgacgag cgtgacacca cgatgbctgt agcaatggca acaacgttgc gcaaactatt 3240 

aactggcgaa ctacttactc tagpttcccg gcaacaatta atagactgga tggaggcgga 3300 

taaagttgca ggaccacttc tojcgctcggc ccttccggct ggctggttta ttgctgataa 3360 

atctggagcc ggtgagcgtg.- ggtctcgcgg tatcattgca gcactggggc cagatggtaa 3420 

gccctcccgt atcgtagtga tctacacgac ggggagtcag gcaactatgg atgaacgaaa 3480 

tagacagatc gctgagafeag gtgcctcact gattaagcat tggtaactgt cagaccaagt 3540 

ttactcatat atact/fctaga ttgatttaaa acttcatttt taatttaaaa ggatctaggt 3600 

gaagatcctt ttt^ataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg 3660 

agcgtcagac cccfgtagaaa agatcaaagg atcttcttga gatccttttt ttctgcgcgt 3720 

aatctgctgc tjcgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca 3780 

agagctacca i&ctctttttc cgaaggtaac tggcttcagc agagcgcaga taccaaatac 3 840 

tgttcttcta gtgtagccgt agttaggcca ccacttcaag aactctgtag caccgcctac 3900 

atacctcgct ctgctaatcc tgttaccagt ggctgctgcc agtggcgata agtcgtgtct 3 960 

taccgggttg* gactcaagac gatagttacc ggataaggcg cagcggtcgg gctgaacggg 4020 

gggttcgtgc acacagccca gcttggagcg aacgacctac accgaactga gatacctaca 4080 

gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca ggtatccggt 4140 
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aagcggcagg 


gtcggaacag 


gagagcgcac 


gagggagctt ccagggggaa acgcctggta 


4200 


tctttatagt 


cctgtcgggt 


ttcgccacct 


ctgacttgag cgtcgatttt tgtgatgctc 


4260 


gtcagggggg 


cggagcctat 


ggaaaaacgc 


cagcaacgcg gcctttttac ggttcctggc 


4320. 


cttttgctgg 


ccttttgctc 


acatggctcg 


acagatcttc aatattggcc attagccata 


43/ao 


ttattcattg 


gttatatagc 


ataaatcaat 


attggctatt ggccattgca 


tacgttgtat 


'4440 


ctatatcata 


atatgtacat 


ttatattggc 


tcatgtccaa tatgaccgcc 


atgttggcatc 


4500 


tgattattga 


ctagttatta 


atagtaatca 


attacggggt cattagttca tagccciatat 


4560 


atggagttcc 


gcgttacata 


acttacggta 


aatggcccgc ctggctgacc ^cccaacgac 


4620 


ccccgcccat 


tgacgtcaat 


aatgacgtat 


gttcccatag taacgccj^at 


agggactttc 


4680 


cattgacgtc 


aatgggtgga 


gtatttacgg 


taaactgccc act^ggcagt 


acatcaagtg 


4740 


tatcatatgc 


caagtccgcc 


ccctattgac 


gtcaatgacg I'gtaaatggcc 


cgcctggcat 


4800 


tatgcccagt 


acatgacctt 


acgggacttt 


cctacttqfgc agtacatcta 


cgtattagtc 


4860 


atcgctatta 


ccatggtgat 


gcggttttgg 


cagtgicacca atgggcgtgg 


atagcggttt 


4920 


gactcacggg 


gatttccaag 


tctccacccc 


att/gacgtca atgggagttt 


gttttggcac 


4980 


caaaatcaac 


gggactttcc 


aaaatgtcgt 


a^caactgcg atcgcccgcc 


ccgttgacgc 


5040 


aaatgggcgg 


taggcgtgta 


cggtgggagg 


tctatataag cagagctcgt 


ttagtgaacc 


5100 


gtcagatcac 


tagaagcttt 


attgcggta^ 


tttatcacag ttaaattgct 


aacgcagtca 


5160 


gtgcttctga 


cacaacagtc 


tcgaactt/aa 


gctgcagtga ctctcttaag 


gtagccttgc 


5220 


agaagttggt 


cgtgaggcac 


tgggca^tfgta 


agtatcaagg ttacaagaca 


ggtttaagga 


5280 


gaccaataga 


aactgggctt 


gtcga;gacag 


agaagactct tgcgtttctg 


ataggcacct 


5340 


attggtctta 


ctgacatcca 


ctttjgccttt 


ctctccacag gtgtccactc 


ccagttcaat 


5400 


tacagctctt 


aaggctagag 


taccrtaatac 


gactcactat aggctagcct 


cgagcgcgga 


5460 


gatgggggtg 


cacgaatgtc 


cttgcctggct 


gtggcttctc ctgtccctgc 


tgtcgctccc 


5520 


tctgggcctc 


ccagtcctgg 


^cgccccacc 


acgcctcatc tgtgacagcc 


gagtcctgga 


5580 


gaggtacctc 


ttggaggcca 


aggaggccga 


gaatatcacg acgggctgtg 


ctgaacactg 


5640 


cagcttgaat 


gagaatatca. 


ctgtcccaga 


caccgacgtt aatttctatg 


cctggaagag 


5700 


gatggaggtc 


gggcagcagg 


ccgtagaagt 


ctggcagggc ctggccctgc 


tgtcggaagc 


5760 


tgtcctgcgg 


ggccaggcc<: 


tgttggtcaa 


ctcttcccag ccgtgggagc 


ccctgcagct 


5820 


gcatgtggat 


aaagccgtcg 


agggccttcg 


cagcctcacc actctgcttc 


gggctctgcg 


5880 


agcccagaag 


gaagccatct; 


cccctccaga 


tgcggcctca gctgctccac 


tccgaacaat 


5940 
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cactgctgac actttccgca aactcttccg agtctactcc aatttcctcc ggggaaagct 6000 
gaagctgtac acaggggagg cctgcaggac aggggaccat catcaccatc accattgat 6059 
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